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PROBLEM TO BE SOLVED: To provide a process for the 
transformation of a plant and the production of a 
transgenic plant in high transforming ratio. 

SOLUTION: A transgenic plant is produced by the 
following steps (a) to (d). (a) A step to disperse plant 
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Plant Transformation Process 

Background 

Genetic transformation of higher plants promises to have a major impact on 
crop improvement, as well as many other areas of biotechnology. Genetic 
transformation can be used to produce transgenic plants carrying new genetic material 
stably integrated into the genome and to engineer ^designer' crops with specific traits. 
Various methods of genetic transformation have been developed and applied to a 
growing number of plant species. However, the ease and success rate of genetic 
transfonnation methods varies widely among plant species [MuUer, et al. 1987. "High 
meiotic stability of a foreign gene introduced into tobacco by Agrobacterium-medmtQd 
transformation," Mol Gen Genet 207:171-175; Gasser, C.S. and Fraley, R.T. 1989. 
"Genetically engineering plants for crop improvement," Science 244:1293-1299; 
Umbeck, et al. 1989. "Inheritance and expression of genes for kanamycin and 
chloramphenicol resistance in transgenic cotton plants," Crop Science 29:196-201; 
Gordon-Kanmi, et al. 1990. "Transformation of maize cells and regeneration of fertile 
transgenic plants," Plant Cell 2:603-618; Chabaud, et al. 1996."Transformation of 
barrel medic (Medicago truncatula Gaertn.) by Agrobacterium tumefaciens and 
regeneration via somatic embryogenesis of transgenic plants with MtENOD12 nodulin 
promoter fused to the gus reporter gene," Plant Cell Rep 15:305-310; Kar, et al. 
1996."EflBcient transgenic plant regeneration through Agrobacterium-m^diat^d. 
transformation of chickpea (Cicer arientinum L.)," Plant Cell Rep 1 6:32-37; Kim, J. W. 
and Minamikawa,T. 1996. "Transformation and regeneration of French bean plants by 
the particle bombardment process," Plant Sfcil 17:13 1-138; Trieu, A.T. and Harrison, 
M.J. 1996. "Rapid transfonnation of Medicago truncatula: regeneration via shoot 
organogenesis," Plant Cell Rep 16:6-1 1 ; Bean, et al. 1997." A simple system for pea 
transformation," Plant Cell Rep 16:513-519; Cheng, et al. 1997. "Genetic 
transformation of wheat mediated by Agrobacterium tumefaciens^'^ Plant Physiol 
1 15:971-980 ; Cheng, et al. 1997. "Expression and inheritance of foreign genes in 
transgenic peanut plants generated by Agrobacterium'inediaXQd transformation," Plant 
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Cell Rep 16:541-544; and Tingay, et al. 1997. ''Agrobacterium tumefaciem-m^didXtd 
barley transformation," Plant J 1 1 :1 369-1 376.] 

The most common and widely used method of transformation of dicotyledonous 
plants utilizes a bacterium, Agrobacterium tumefaciens, to effect gene transfer. 
Agrobacterium tumefaciens is a gram-negative, soil dwelling plant pathogen that 
infects its plant host and subsequently delivers and integrates part of its genetic material 
into the plant genome. The transferred portion of DNA is termed the T-DNA fragment, 
and additional genetic material can be added to the T-DNA. The additional genetic 
material will then be integrated into the genome along with the T-DNA. In this way, 
Agrobacterium can be used to facilitate the transfer of new genes into the plant genome 
(Fraley, et al. 1983. "Expression of bacterial genes in plant cells," Proc Natl Acad Sci 
USA 80:4803-4807). 

While transformation vn'Qi Agrobacterium has worked well for a number of 
model species such as tobacco and petunia, the approach is subject to a number of 
limitations. Some plant species, including many monocotyledonous plant species, are 
not readily susceptible to infection by Agrobacterium (Potrykus, L 1990. "Gene transfer 
to cereals: an assessment,"" Bio/Technology 8:535-542). In these cases, alternative 
approaches have been used, including particle bombardment and direct gene transfer 
into protoplasts via electroporation, microinjection, or polyethylene glycol mediated 
uptake [Klein, et al. 1987. "High velocity microprojectiles for delivering nucleic acids 
into living cells," Nature 327:70-73; McCabe, et al. 1988. "Stable transformation of soy 
bean (Glycine max) by particle acceleration," Bio/Technology 6:923-926; Bommineni, 
et al. 1994. "Expression of GUS in somatic embryo cultures of black spruce after 
microprojectile bombardment," J Exp Bot 45:491-495; Christou, P. 1995. "Strategies 
for variety-independent genetic transformation of important cereals, legumes and 
woody species utilizing particle bombardment," Eupytica 85:13-27; Kim and 
Minamikawa. 1996.P/a«/Scni7:131-138; Klein, etal. 1998. "Stable genetic 
transformation in intact Nicotania cells by the particle bombardment process," Proc 
Natl Acad Sci USA 85:8502-8505]. 
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Regardless of the method of delivery of the new genetic material, it is necessary 
to regenerate whole fertile plants from the transformed cells. The production of stably 
transformed transgenic plants involves two processes: transformation of plant cells and 
then regeneration of those transformed cells to whole plants. In most cases, a plant 
5 tissue explant is incubated with Agrobacterium carrying a T-DNA containing a 

selectable marker gene and a 'gene of interest*. A proportion of the cells in the explant 
will become transformed, and whole plants are then regenerated from these cells via 
somatic embryogenesis or direct organogenesis. Transformants are selected by 
inclusion of the appropriate selective conditions in the regeneration media. The choice 
10 of tissue explant depends on the plant species. Leaf, cotyledons, hypocotyls, 

cotyledonary meristems, and embryos are among those that have been used 
successfully. 

Because neither the transformation nor the regeneration are 100% effective, the 
chance of obtaining a transformed plant depends on these two processes occurring 

15 consecutively in the same cell. In many cases, the production of transgenic plants is 

prevented due to the inability to regenerate plants from those tissues susceptible to 
transformation. For species in which somatic embryogenesis is a viable method of 
regenerating plants, there are other limitations. Plants regenerated via somatic 
embryogenesis may show significant somatic variation, altered ploidy, phenotypic 

20 abnormalities and poor fertility (Bean, et ai. 1 997. Plant Cell Rep 16:513-519). While 

regeneration via direct organogenesis overcomes some of these problems, not all plants 
can be regenerated in this way. Finally, although transformation of many crop plants is 
possible, it is usually achieved in highly regenerable lines or cultivars, and the elite 
agriculturally important lines are not usually amenable to transformation. Therefore, 

25 introduction of a desired trait into the elite lines has been limited to subsequent 

traditional breeding methods following transformation of parental lines. 

In order to develop a transgenic plant line expressing a new trait, it is desirable 
to produce a large number of transgenic plants from which the best expressing line can 
be selected. The requirement for a number of plant lines stems from the fact that the 
30 integration of the T-DNA fragment into the plant genome is a random event, and 

therefore, each transgenic plant will contain the new gene integrated into different sites 
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of the genome. Due to this phenomenon termed 'position effect', the various 
transgenic lines will vary in the levels of expression of the introduced gene (Ulian, et 
al. 1994. "Expression and inheritance pattern of two foreign genes in petunia," Theor 
Appl Genet 88:433-440). Therefore, it is desirable to produce a large number of 
transgenic lines in order to select for those expressing the introduced gene at a high 
level. 

The only plant which has been successfially transformed with a high degree of 
ease and efficiency is Arabidopsis thaliana, a model plant used wddely for genetic and 
molecular analyses of plant developmental procQssQS. A direct method of 
transformation has been developed for Arabidopsis thaliana (Bechtold, et aL 1993. "In 
plantsi Agrobacterium mediated gene transfer by infiltration of adult Arabidopsis 
thaliana plants," Comptes Renus de VAcademie des Sciences Serie III Sciences de la vie 
316.). In this transformation process, the plant is (1) grown to maturity, (2) immersed 
in a suspension of Agrobacterium cells, (3) held under vacuum for a short period of 
time, and then (4) allowed to set seed. A proportion of the progeny is transformed. 
Recent data suggest that the gametophyte progenitor, gametophyte, or fertilized 
embryos are the targets (Bechtold, N. and Pelletier, G. 1998. "/« planta Agrobacterium- 
mediated transformation of adult Arabidopsis thaliana plants by vacuum infiltration," 
Methods Mol Biol 82:259-266). Although Bechtold's method has been tried in other 
species including Brassica napus and Beta vulgaris^ these attempts reportedly have 
been unsuccessful (Siemens, J. Scheiler, O. 1996. "Transgenic plants: genetic 
transformation-recent developments and the state of the art," Plant Tissue Culture and 
Biotechnology 2:66-75). 

Leguminous crops such as peas, soybean, bean, alfalfa, peanut, chick pea, 

pigeon pea and clover have widespread economic importance throughout the world. 

Legumes are an important source of protein as grain and forage legume crops for 

animals and as grain legumes for humans. For example, soybeans {Glycine max) are a 

major source of protein in animal and human food, and soybean oil is the most widely 

used edible oil in the world. The productivity, and therefore value, of a wide range of 

leguminous crops could be increased by the introduction of traits such as disease 

resistance, herbicide resistance, insect resistance, reduced levels of tannins and lignin 

4 
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(forage legumes), and improved protein and lipid quality. For exemiple, the soybean 
cyst nematode causes losses in yield of up to one billion United States dollars per year. 
With the recent cloning of a beet cyst nematode resistance gene and a potato cyst 
nematode resistance gene (Williamson, V.M. 1999. Curr Opin Plant Biol 2:327-31), 
5 strategies are now being explored for genetically engineering resistance in plants. 

While there have been some attempts to introduce these traits into leguminous 
crops via genetic engineering, the current transformation methods involving tissue 
culture are exceedingly labor intensive and inefficient. In particular, the large seed 
grain legumes, such as pea, bean, and soybean have proved very difficult to transform, 

10 and tissues susceptible to transformation have proven difficult to regenerate. 

[Bingham, et al. 1975. "Breeding alfalfa w^hich regenerates from callus tissue in 
culture," Crop Science 15:719-721; Hinchee, etal. 1988. "Production of transgenic 
soybean plants using Agrobacterium-mediated DNA transfer," Bio/Technology 6:915- 
922; Schroeder, et al. 1993. "Transformation and regeneration of two cultivars of pea 

15 (Pisum sativum L.)" Plant Physiol 1 01 :751 -757; Chabaud, et al. 1 996. Plant Cell Rep 

15:305-310; Kar, et al. 1996. Plant Cell Rep 16:32-37; Kim and Minamikawa. 1996. 
Plant Sci 1 17:131-138; Trieu and Harrison. 1996. Plant Cell Rep 16:6-1 1; Bean, et al. 
1 997. Plant Cell Rep 1 6:5 1 3-5 1 9; Cheng, et al. 1 997. Plant Cell Rep 1 6:54 1 -544; and 
Dillen, et al. 1997. "Exploiting the presence of regeneration capacity in the Phaseolus 

20 gene pool for Agrobacterium'Tncditatcd gene transfer to the common bean. 

Mededelingen-Faculteit'Landbouwkundige-en-Toegepast€'Biologische- 
Wetenschappen-Universiteit-Gent 62:1397-1402]. 

In an alternative approach, it was shown that cells within a soybean meristem 
can be transformed by particle bombardment. However, this leads to chimeric plants 

25 with transformed sectors. Some of these sectors will eventually give rise to seed, and 

the seed will carry the transgene (McCabe, et al. 1988. Bio/Technology 6:923-926; 
Chowrira, et al. 1995. "Electroporation-mediated gene transfer into intact nodal 
meristems in planta: generating transgenic plants without in vitro tissue culttire," 
Molecular Biotechnology 3 :17-23; and Chowrira, et al. 1996. "Transgenic grain 

30 legumes obtained by in planta electroporation-mediated gene transfer," Molecular 

Biotechnology 5:85-96). While this procedure has enabled the production of transgenic 
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soybean, it is very labor intensive because numerous meristems need to be bombarded 
to have a realistic chance of obtaining any transgenic seeds. 

Medicago truncatula Gaertn. (barrel medic) is a diploid, autogamous, armual 
medic that is grown as a pasture legume in a number of regions throughout the world, 
including Mediterranean areas. South Africa and Australia (Crawford, et al. 1989. 
"Breeding annual Medicago species for semiarid conditions in Southern Australia," Adv 
Agron 42:399-437). In Australia, the annual medics are the main legume found on over 
50 million hectares of agricultural land, and a variety of species and ecotypes have been 
developed. The first commercial cultivar of M truncatula was sown in 1 938, and this 
species has been favored due to its ability to tolerate both low rainfall and high lime 
soils (Crawford, et al. 1989. Adv Agron 42:399-437). Medicago truncatula also is 
emerging as a model legume for studies of the nitrogen-fixing Rhizobium/legurae 
symbiosis and the arbuscular mycorrhizal symbiosis [Cook, et al. 1995. "Transient 
induction of a peroxidase gene in Medicago truncatula precedes infection by 
Rhizobium meliloti" Plant Cell 7:43-55; van Buuren, et al. 1998. "Novel genes induced 
during an arbuscular mycorrhizal (AM) symbiosis between M truncatula and G. 
versiforme" MPMI 12: 171-181]. The attributes that make M truncatula a useful 
model plant for molecular and genetic analyses include its small genome (4.5 times 
larger than Arabidopsis\ rapid life cycle, and relatively small physical size (Barker, et 
al. 1990. ''Medicago truncatula, a model plant for studying the molecular genetics of 
the Rhizobium-lcgume symbiosis," Plant Mol Biol Rep 8:40-49). In addition, it can be 
transformed Agrobacterium and regenerated via somatic embryogenesis, or 
alternatively, by direct organogenesis (Thomas, et al. 1992. "Genetic transformation of 
Medicago truncatula using Agrobacterium with genetically modified Ri and disarmed 
Tiplasmids,"/>toA7/Ce//ife/7 11:113-117; Chabaud, et al. 1996, Plant Cell Rep 15:305- 
310; Trieu and Harrison. 1996. Plant Cell Rep 16:6-1 1; HofBnann, et al. 1997. "A new 
Medicago truncatula line with superior in vitro regeneration, transformation, and 
symbiotic properties isolated through cell culture selection," Mol Plant-Microbe 
Interact 10:307-315). 

Although Agrobacterium-mcdiated transformation with regeneration via 

somatic embryogenesis or direct organogenesis is a viable approach, these methods are 

6 
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very labor intensive, not very efficient, and in some cases, very slow. While these 
approaches may be suitable for the generation of small numbers of transgenic plants, 
they cannot be used to generate the large numbers of lines required for many genetic 
approaches and high through-put systems, such as T-DNA mutagenesis or activation 
5 tagging. 

AnAgrobacterium'Xncdiat^d transformation method has now been found 
wherein seedlings, rather than flowering plants or tissue explants, are utilized as the 
subject biological material for exposure to Agrobacterium cells. Moreover, following 
maturation of treated plants and seed set, transgenic plants are selected directly from a 
10 population of progeny representing various insertional events. This seedling 

transformation method provides high efficiency, low labor input, and large numbers of 
transgenic plants without all the problems associated with transformation of flowering 
plants or tissue explants and regeneration via somatic embryogenesis or direct 
organogenesis. 

15 

Brief Description of the Drawings 

Fig. 1 depicts a map of the T-DNA from the binary vector pBI121-fear. 

Fig. 2(a) is a Southern blot of i/mdlll digested DNA from transgenic plants 
(progeny of infiltrated plants) hybridized with a bar probe. Samples 1 .3-1.8 are from 

20 Treatment 1 (1 -minute vacuum infiltration): Samples 2.2-2.7 are from Treatment 2 

(1.15-minute vacuum infiltration); and Samples 3.1-3.5 are from Treatment 3 (40- 
second vacuum infiltration followed by 20-second hold). The pBI121 -6ar plasmid 
DNA is included to the left of the blot. This part of the blot was excised and exposed 
for a shorter time than the rest of the blot to prevent overexposure. C is DNA fix)m a 

25 non-transformed control M truncatula plant. 

Fig. 2(b) is a Southern blot of Hind III digested DNA from transgenic plants 
(progeny of infiltrated plants) hybridized with a bar probe. Samples 1 .3-1 .8 are from 
Treatment 1 (1 -minute vacuum infiltration); Samples 2.2-2.7 are from Treatment 2 
(1.5-minute vacuum infiltration); and Samples 3.1-3.5 are from Treatment 3 (40-second 
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vacuum infiltration followed by 20-second hold). The pBU2l-bar plasmid DNA is 
included to the left. This part of the blot was excised and exposed for a shorter time 
than the rest of the blot to prevent overexposure. C is DNA from a non-transformed 
control M. truncatula plant. 

Fig. 3(a) is a Southern blot of Hindlll digested DNA from transgenic plants 
(progeny of infiltrated plants) hybridized with a npt II probe. Samples 1 .6-1 .20 are 
from Treatment 1 (1-minute vacuum infiltration) and Samples 2.12 and 2.13 are from 
Treatment 2(1.1 5«minute vacuum infiltration). C is DNA from a non-transformed 
control M truncatula plant. 

Fig. 3(b) is a Southern blot of ///wdlll digested DNA from transgenic plants 
(progeny of infiltrated plants) hybridized with a bar probe. Sample 1 .6-1 .20 are from 
Treatment 1 (1-minute vacuum infiltration); and Sample 2.12 and 2.13 are from 
Treatment 2 (1.5-minute vacuum infiltration). C is DNA from a non-transformed 
control M truncatula plant 

Fig. 4 is an agarose gel showing a portion of the bar gene that has been 
amplified from DNA from transgenic soybean plants via PCR wdth bar specific 
primers. The arrow points to a 423 bp amplified fragment. The lane labeled "M" 
contains molecular weight markers. The 500 bp marker is indicated. Samples 6-27 are 
soybean transformants that survived the herbicide treatment. Transformants 6, 13, 14» 
15, and 16 show an amplified fragment of the correct size. 

Summary of the Invention 

In one aspect, the present invention is a method for direct plant transformation 

using seedlings and Agrobacterium comprising: (a) contacting at least one seedling 

with Agrobacterium cells which harbor a vector that enables the Agrobacterium cells to 

transfer T-DNA containing at least one gene or gene fragment to the seedling and (b) 

appljdng a vacuimi to the seedling in contact with the Agrobacterium cells at one point 

in time, the vacuimi being of sufficient strength to force the Agrobacterium cells into 

intimate contact with the seedling such that the Agrobacterium cells transfer the T> 

DNA to cells of the seedling at a second point in time, wherein the first point in time 

8 
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and the second point in time are either the same or different. In a preferred method, the 
vector comprises a selectable marker gene> A preferred selectable marker gene is a 
herbicide resistance gene. A preferred herbicide resistance gene is a bar gene. 

In another aspect, the present invention is a method for direct plant 
transformation using seedlings and Agrobacterium comprising: (a) contacting at least 
one seedling wdth a mixture of Agrobacterium cells, the mixture comprising cells from 
?L Agrobacterium strain harboring a vector with a first DNA fragment and cells from the 
Agrobacterium strain harboring the vector with a second DNA fragment, wherein the 
vector enables ihQ Agrobacterium cells to transfer the T-DNA to cells of the seedling; 
and (b) applying a vacuum to the seedling in contact with the mixture of Agrobacterium 
cells at a first point in time, the vacuum being of sufficient strength to force the 
Agrobacterium cells into intimate contact with the seedling such that the 
Agrobacterium cells transfer at least one gene to cells of the seedling at a second point 
in time, wherein the first point in time and the second point in time are the same or 
different. In a preferred method, the vector comprises a selectable marker gene. A 
preferred selectable marker gene is a herbicide resistance gene. A preferred herbicide 
resistance gene is a bar gene. 

In another aspect, the present invention is a method for direct plant 

transformation using seedlings and Agrobacterium comprising: (a) contacting at least 

one seedlmg vnih Agrobacterium cells which harbor a vector that enables the 

Agrobacterium cells to transfer T-DNA contauiing at least one gene or gene fragment 

and a selectable marker gene to the seedling; (b) applying a vacuum to the seedling in 

contact with the mixture of Agrobacterium cells at a first point in time, (he vacuum 

being of suflBcient strength to force the Agrobacterium cells into intimate contact with 

the seedling such that the Agrobacterium cells transfer the T-DNA to cells of the 

seedling at a second point in time, wherein the first point in time and the second point 

in time are the same or different; (c) allowing the transformed seedling to grow to 

maturity and set seed; (d) germinating the seed to form progeny; (e) exposing the 

progeny to an agent enabling detection of selectable marker gene expression; and (f) 

selecting for progeny expressing the selectable marker gene and at least one gene, 

wherein expression of the selectable marker gene and at least one gene indicates gene 

9 
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transfer. In a preferred method, the selectable marker gene is a herbicide resistance 
gene. A preferred herbicide resistance gene is a bar gene. 

In yet another aspect, the present invention is a plant transformed according to 
the above-described methods of seedling transformation. 

In yet another aspect, the present invention is a seed from a plant transformed 
according to the above-described methods of seedling transformation. 

In yet another aspect, the present invention is a progeny plant from a seed 
obtained from a plant transformed according to the above-described methods of 
seedling transformation. 

Detailed description 

A plant transformation process has now been found which utilizes vacuum 
infiltration of seedlings to introduce Agrobacterium T-DNA carrying a selectable 
marker gene and the gene(s) of interest into the seedlings. A seedling as used herein is 
defined as a plant from about the beginning of seed germination to about the time true 
leaves develop. The transformation methods described herein can be applied to the 
seedlings of any plant, including dicots and monocots which can be successfrilly 
transformed by Agrobacterium-m&diatcd gene transfer. In particular, leguminous 
plants are transformed at high rates of efficiency. 

The transformation method described herein is generally accomplished by 
growing the Agrobacterium strain carrying a gene(s) of interest tmder selective 
conditions in liquid culture until it reaches exponential growth phase. The 
Agrobacterium cells are then pelleted by centrifiigation and resuspended in a vacuum 
infiltration meditmi. The seedlings are inunersed in the Agrobacterium cell suspension 
and subjected to vacuum infiltration whereby the Agrobacterium cells are then 
introduced into the seedlings, resulting in infiltrated plants that subsequently produce 
transformed seed firom which a transformed plant is obtained. 

The transformation of seedlings is accomplished through Agrobacterium- 
mediated gene transfer. Agrobacterium strains useful in the transformation of a 

10 
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seedling include any aggressive strain which, upon contact with a transformable plant 
cell, is capable of transferring T-DNA into the cell for integration into the plant's 
genome. In the transformation method described herein, the Agrobacterium strain can 
carry one plasmid with multiple gene(s) of interest. Ahematively, transformation is 

5 performed using a mixture of Agrobacterium cells in which the vector carries different 

fragments of DNA, e.g., selected fragments from a specific DNA library. To achieve 
the optimum transformation rate in a given plant, the Agrobacterium strain which 
provides the greatest number of transformed seedlings is selected. For leguminous 
plants, Agrobacterium tumefaciens EHA105, ASEl, and Gv3101 strains are preferably 

10 utilized. The gene(s) of interest can be transformed into the Agrobacterium by any 

means knovm in the art. For example, a DNA fragment modified to contain the gene(s) 
of interest can be inserted into the T-DNA of an Agrobacterium Ti plasmid which also 
contains genes required to generate the transformed state. 

Other modifications of the Agrobacterium plasmid T-DNA can be made to 

15 assist in the transformation process. For example, to distinguish seedlings which are 

successfully transfonned, a selectable marker gene can be incoiporated into the T-DNA 
of Agrobacterium plasmid. Selectable marker genes useful in the transformation 
methods described herein include any selectable marker gene which can be 
incorporated into the Agrobacterium T-DNA and upon expression, can distinguish 

20 transfonned fi:om non-transformed progeny. Exemplary selectable markers include a 
neomycin transferase gene or phosphinothricin acetyl transferase (bar) gene. For 
example, a preferable selection marker is the bar gene encoding phosphinothricin 
acetyl transferase which confers resistance to phosphinothricin-based herbicides. 
Preferably, the selection marker gene and gene(s) of interest are incorporated into any 

25 vector suitable for use with transforming Agrobacterium strains. For example, the 
binary vector, pBII21 vector (Clontech, Palo Alto, CA) can be modified wherein a 
copy of a phosphinothricin acetyl transferase (bar) gene is inserted, under the control of 
a 35S promoter and octopine synthase 3' sequences, into the HindlU site of the T-DNA. 
The bar gene encodes phosphinothricin acetyl transferase which confers resistance to 

30 phosphinothricin-based herbicides, such as Ignite® (AgroEvo, Frankfurt, Germany). 

This selectable marker enables easy selection of transformed plants: upon spraying the 
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plants with phospinothricin (PPT) containing herbicides, only transformed plants 
containing the bar gene survive exposure to the herbicide. 

In the seedling transformation process, the starter seeds can be pretreated to 
optimize their germination and to prepare the resulting seedlings for transformation. 
Surface-sterilization of the seeds is preferred to remove any interfering microorganisms 
which might infect the germinating seed. Any sterilization means which does not 
deleteriously affect the seeds can be used. Exemplary methods include use of aqueous 
20-30% sodium hypochlorite or 70% ethanoL Preferably, the seeds are sterilized in a 
solution of 30% sodium hypochlorite and 0,1% Tween 20 for approximately 5 minutes 
and then thoroughly rinsed to remove the sterilizing solution. Preferably, sterile double 
distilled or deionized water, or water with reduced oxidizable carbon following reverse 
osmosis, ion exchange and/or activated charcoal treatment is used to rinse the seeds. 
Some seeds, for example M truncatula^ experience a prolonged dormancy period 
resulting in delayed germination. These seeds can be treated by a scarification process 
capable of breaking the dormancy. For example, cracking or scratching the seed coat, 
soaking the seed to soften the seed coat, or a controlled acid treatment can be utilized. 
Preferably, a treatment in concentrated sulfuric acid for approximately 10 minutes 
followed by thorough rinsing to remove the acid is utilized. Preferably, sterile double 
distilled or deionized water, or water with reduced oxidizable carbon following reverse 
osmosis, ion exchange and/or activated charcoal treatment is used to rinse the seeds. 

After pretreatment, the seeds are placed on a medium capable of supporting 

germination and subsequent growth of the seedlings. For example, the seeds can be 

placed on the surface of sterile filter paper or paper towels. Preferably, the seeds are 

spread on the surface of firm, sterile water agar in petri plates. The seeds are then 

placed under environmental conditions capable of inducing germination and supporting 

development of seedlings. Vernalization may be preferred for certain plants such as M, 

truncatula to promote early flowering. Incubation of the resulting seedlings is 

continued until the seedlings reach an appropriate stage of development for vacuum 

infiltration. The optimum age of seedlings for vacuum infiltration varies for different 

plants. In general, seedlings in which the radical has emerged and ^ovm to at least 

about 1 cm are sufficiently mature. However, since plants develop at different rates, 

12 
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vacuxim infiltration can be optimized for a specific plant by screening seedlings at 
various stages of development using the methods disclosed herein and determining the 
stage at which the transformation efficiency is maximized. The time and temperature 
of incubation can also be adjusted to provide optimum conditions for a specific variety. 
5 For example, approximately 15 days after the seeds are placed on germination medium, 

M truncatula and soybean seedlings are sufficiently matured for vacuum infiltration. 

A few days prior to vacuum infiltration, the transforming Agrobacterium is 
subcultured on a general plated growth mediimi preferably containing appropriate 
antibiotics to distinguish transformed Agrobacterium cells. For example, 
10 Agrobacterium tumefaciens EHA105 and Gvl301 carrying the bar gene are preferably 

cultured on YEP medium as defined in Example 1 containing rifampicin (20mg/l) and 
kanamycin (50 mg/1). The Agrobacterium cultures are grown at about 28^*0 for about 
2-3 days. 

One day prior to the vacuum infiltration, a liquid Agrobacterium culture is 
15 prepared by aseptically transferring an appropriate inoculum into a general growth 

medium suitable for growing Agrobacterium. TY liquid medium and YEP liquid 
medium containing appropriate antibiotics to select for the transformed Agrobacterium 
are preferred foi Agrobacterium EHA105 and Gvl301. The liquid cultures are grown 
under conditions which provide the Agrobacterium to reach exponential growth. 
20 Preferably, the liquid culture is incubated at about 28^C in a shaker incubator at about 

250 rpm overnight. It is essential to use firesh Agrobacterium to achieve 
transformation. 

To provide optimal conditions for transformation, the vacuum infiltration is 
preferably performed using the transforming Agrobacterium liquid culture in 

25 exponential growth phase (ODeoo = 1 .6). The Agrobacterium cells in the liquid culture 

are pelleted by centrifugation and resuspended in two volumes of a vacuum infiltration 
medium (e.g., Agrobacterium cells grovm in 15ml liquid culture, pelleted by 
centrifiigation, and then resuspended in 30ml vacuum infiltration medium). Any plant 
growth medium capable of supporting the infiltration process and the Agrobacterium 

30 within the plant while being compatible with plant growth can be used as the vacuum 
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infiltration medium. More preferably, the vacuum infiltration medium comprises 
acetosyringone which induces the vir genes of the Agrobacterium. For leguminous 
plants, the vacuum infiltration medium defined in Examples 1 and 2 is preferably 
utilized. 

To perform the vacuum infiltration, the seedlings are removed from the 
germination/incubation medium and placed in any clean container capable of holding 
several seedlings as well as a volume of vacuum infiltration medium to partially cover 
the seedlings. Petri plates are useful for this purpose, using about 30-40 seedlings per 
plate. The Agrobacterium suspension in the vacuum infiMraXion medium is added to tfie 
container to wet and partially cover the seedlings. For a standard petri plate, 
approximately 10ml of the suspension is sufficient. The petri plate containing the 
seedlings in Agrobacterium suspension is placed in a vacuum chamber. The preferred 
amount of vacuum to be used in the transformation process is the minimal amount 
necessary to force the Agrobacterium into the apoplastic spaces of the seedlings. 
Approximately 28mmHg was sufficient for transforming M truncatula and soybean. 
The time and maimer in which the vacuum is applied to the seedlings depends upon the 
plant and has to be determined empirically. The vacuum can be applied then released. 
Alternately, the vacuum can be applied, released, reapplied, and then released again. 
The duration of vacuum can vary from about 0.1 to about 5 min, more preferably from 
about 0.5 to about 2 min, and most preferably for about 1 min. For M truncatula^ 
plants held under vacuum for 0.5 min and for 2 min gave rise to transgenic plants, but 
plants held under vacuum for 1 min gave the maximum transformation efficiency. 

Following vacuum infiltration, the Agrobacterium suspension is decanted, and 

the seedlings are blotted on sterile filter paper or blotting paper. The seedlings can then 

be planted into a complete soil mix that will allow full growth and development of the 

plant and the production of seed. The seedlings are then permitted to mature and set 

seed. Preferably, the plants are kept at a humidity, temperature, duration of photo 

period, and spectrum of light which favor plant growth. To increase the viability of the 

transformed plants and to improve the transformation efficiency, the seedlings are 

optionally incubated on a co-cultivation medium for 2-3 days prior to planting in a 

complete soil mix. Any co-cultivation medium which supports growth of the seedlings 
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can be used. For leguminous plants, the co-cultivation medium given in Examples 1 
and 2 is preferred. The plants are then permitted to develop to maturity and set seed. A 
portion of the seeds will carry the transgene in their genomes. The seeds are 
germinated, and the resulting progeny which exhibit stable inheritance of the transgene 
are selected. 

Several methods known in the art can be used to distinguish the progeny 
exhibiting stable inheritance of the transgene. For transgenic plants wherein the 
gene(s) of interest results in a visible phenotypic change, the selection can be based 
upon visual examination of the progeny. For plant transformations involving 
Agrobacterium carrying plasmids containing a selectable marker gene, the appropriate 
selectable agent can be applied to the plants to select the transformants. Optionally, 
Southern blot analysis or PCR analysis can be used to verify the presence of the 
transferred gene in the genome of the transformed plants. 

The seedling transformation processes of the present invention are further 
illustrated in detail in the examples provided below. While these examples describe the 
invention, it is understood that modifications to the methods to optimize transformation 
of a specific plant are well within the skill of one in the art, and such modifications are 
considered within the scope of the invention. 

Example 1 : Transformation of M truncatula by Vacuum-infiltration of Seedlings 
M. truncatula seedlings were transformed to incorporate the bar gene and the 
nptJJ gent into the plant's genome using the transformation process of the present 
invention. 
Preliminary 

Prior to transformation, a modified version of the binary vector, pBI121 vector 

(Clontech, Palo Alto, C A) was made by mserting a copy of a phosphinothricin acetyl 

transferase (bar) gene, under the control of a 3SS promoter and octopine synthase 3' 

sequences, into the Hindlll site of the T-DNA to create a plasmid called pBI121-6ar 

(Fig. 1). The construct was confirmed by restriction analysis and PCR analysis, and 

then transformed into an Agrobacterium tumefaciens strain EHA105 (Hood, et al. 1993. 

'"i^GW Agrobacterium helper plasmids for gene transfer to plants," Trans Res 2:208- 

15 



wo 00/37663 



PCT/US99/30972 



218). Additional constructs in Agrobacterium were also obtained as given in Table III. 
While the following procedure is presented for the pBJ121 -bar in the EHAl 05 
Agrobacterium strain, the same procedure was followed for the other constructs with 
the exception that the growth medium was supplemented with specific antibiotics 
necessary for maintaining the plasmid. 
Day 1; 

The M truncatula seed was sterilized and germinated as follows. The seeds 
were soaked in cone. H2SO4 for approximately 10 min. The acid was removed, and the 
seeds were rinsed extensively in sterile cold double distilled water. This treatment was 
used to break dormancy in M truncatula. 

The seeds were then surface-sterilized by soaking the seeds in a sterilizing 
solution such as 30% Clorox / 0.1% Tween 20 solution for approximately 5 min with 
gentle agitation. The seeds were rinsed extensively with sterile cold double distilled 
water. 

The seeds were then spread on a firm water-agar (for example, 0.8%) (Sigma 
Chemical Co., St, Louis, MO) in petri plates. The water-agar petri plates containing the 
seeds were wrapped with aluminimi foil and kept at 4*'C for 15 days. This vernalization 
step was used to promote early flowering of Af. truncatula. 
About Day 12: 

Agrobacterium tumefaciens EHAl 05 carrying pBI121-6ar was subcultured for 
isolation onto a fresh agar plate containing YEP medium [1 liter: lOg Bacto-peptone 
(Difco, Detroit, MI); lOg yeast extract; SgNaCl; and 15g Bacto-agar (Difco, Detroit, 
MI) at pH=6.8 without adjusting] containing rifampicin (20 mg/1) and kanamycin (50 
mg/1), and the subculture was incubated at approximately 28**C for about 2-3days. 
About Dav 14; 

One loop, or approximately 3 large colonies of the Agrobacterium subculture 
was inoculated into about 15 ml TY liquid medium [1 liter: 5g tryptone, 3g yeast 
extract, 0.88g CaCl2-2H20 at pH=7] containing rifampicin (20 mg/1) and kanamycin 
(50 mg/1) and incubated on a 28''C shaker at 250 rpm overnight. 
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About Day 15; 

The Agrobacterium liquid culture was grown until an exponential phase (ODsoo 
1.6) was reached. The Agrobacterium cells were pelleted by centrifugation and 
resuspended in 30 ml of vacuum-infiltration medium (VIM) [1 liter: 10ml PDM salt 
solution at lOOX concentration (400ml at lOOX: lOOg KNO3; 12g NH4H2PO4; 16g 
MgS04-7H20; 0.4g MnS04-H20; 0.2g H3BO3; O.OOSg CuS04-5H20; 0.04g KI; 0.004g 
CoCl2-6H20; 0.04g ZnS04'7H20, and 0.004g Na2Mo04*2H20; filter sterilized and 
stored at room temperature); 10ml PDM iron and vitamins (1 liter at lOOX: 0.5g 
nicotinic acid; 0.05g pyridoxine HCJ; 0.5g thiamine*HCl; lOOg myo-inositol; 1.5g 
FeS04'7H20; and 2g Na2EDTA; filter sterilized; stored for immediate use at 4*^0; long 
term storage at -20°C); 0.2g CaC]2 H20; 1.5ml of lOmM benzylaminopurine 
(BAP; 0.0565g in 0.15ml 2N NaOH and 24.85ml double distilled H2O stored at 4X); 
0.05ml of lOmM alpha-naphthaleneacetic acid (NAA; 0.0465g in 3ml 95% ethanol and 
22ml 70% ethanol stored at 4''C); lOg sucrose; and 0.1ml acetosyringone (AS; IM in 
DMSO stored at -20°C ), wherein PDM salts, PDM iron and vitamins, CaCl2-H20 and 
sucrose are combined, the pH adjusted to 5.8 with KOH and autoclaved on liquid cycle 
for 20 min, and when the medium cools to 50°C, BAP, NAA, and AS are added]. 

The seedlings were removed from the water agar plates and placed in a clean 
standard petri dish at approximately at 30-40 M truncatula seedling per petri plate. 
Approximately 10ml of the Agrobacterium suspension in the vacuum infiltration 
medium was added to the petri plate, a volume sufBcient to wet and partially cover the 
seedlings. The petri plates containing the seedlings wetted v/iiti Agrobacterium 
suspension were placed in a vacuum chamber. TTiree methods of vacuum infiltration 
were tested. In Treatment 1, a vacuum was drawn to 28mmHg for approximately 1 
min, released rapidly, redrawn to 28mmHg for approximately 1 min, and finally 
released rapidly. In Treatment 2, a vacuum was drawn to 28mmHg for approximately 
1.5 min, released rapidly, redrawn to 28mmHg for approximately 1 .5 min, and finally 
released rapidly. In Treatment 3, a vacuum was drawn to 28mmHg for approximately 
40 seconds, held for 20 seconds, and finally released rapidly. For all treatments, the 
seedlings were then blotted on sterile filter paper or blotting paper and spread onto petri 

plates containing co-cultivation medium(CM) [1 liter; 10ml PDM salt solution at lOX 
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concentration; 10ml PDM iron and vitamins; 0.2g CaCl2 H20; lOg sucrose; 7.5g agar- 
agar (Sigma Chemical Co., St. Louis, MO); and 0.1ml AS, wherein PDM salts, PDM 
iron and vitamins, CaCb HaO, agar-agar, and sucrose are combined, the pH adjusted to 
5.8 with KOH and autoclaved on liquid cycle for 20 min, and when the medium cools 
to 50°C, AS is added]. The seedlings were incubated in a growth chamber under the 
conditions given in Table 1 for approximately 2-3 days. 

Table I: Growth Chamber Conditions 
"(ocr ""l^f"" Photo-period Light 



SET 20 90 16hrs Top light only 

(8am.l2midmght) fluorescent, no 

Night) ^ ^ mcandescent) 

4 light bulbs 
SylvaniallSW, F48T1 



About Day 17: 

The seedlings were washed twice with H2O and then planted in pots in Metro- 
mix 200 soil mixture. To allow the plants to adjust slowly to ambient humidity the 
following procedure was followed: the pots containing the seedlings were initially 
covered with a plastic cover; after one week, the cover was propped open, and after a 
couple of days, the cover was removed completely. The plants were allowed to mature 
under conditions that are suitable for optimal plant growth, i.e., at 22-25°C with 
eighteen hour days. 
About Day 40 

The plants began to flower at approximately 24 days after planting in soil. The 
resulting seeds were collected and germinated under conditions optimal for 
germination, i.e., a short cold treatment for four days on a damp filter paper, left at 
room temperature for 1-2 days, and then planted in soil. When the seedlings had a few 
leaves (approxunately 15 days old), they were sprayed with 80 mg/L PPT ( -1/7000 
dilution of 600mg/ml solution stored at -20^C), and the results are presented below. 
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In this study, 120 M (runcatula seedlings were vacuum infiltrated with 
Agrobacterium tumefaciens strain EHA105 carrying the pBI121-6ar plasmid as 
described above. Three different treatments were used, and forty seedlings were 
infiltrated per treatment. The treatments varied only in the length of time of the 

5 vacuum infiltration treatment. The infiltrated plants were permitted to mature and set 

seed. The progeny seedlings were sprayed vsdth Ignite (PPT) and resistant seedlings 
were further analyzed for the presence of the bar, nptll and B-Glucuronidase (GUS) 
genes. The results are showoi in Table II . Fig. 2A, 2B, 3A, and 3B present data 
obtained in Experiments T-84-1, T84-2, and T84-3 of Table II. These results show the 

10 efficiency of transformation ranging from 2.9% to 27.6% for the various transformation 
experiments. 



Table II: Transformants Resulting from Transformation of M truncatula 
via Infiltration of Seedlings vnih Agrobacterium 



Experi- 
ment" 


Construct and 
Agrobac- 
teriurrf* 


No. of 
Plants 
Infiltrated 


Approx. 

No. of 

Seed 
Collected 


No. of 
Seedlings 
Germinated 


No. of 
Seedlings 
resistant 

to PPT 


% 

transfor- 
mation 


% indepen- 
dent trans- 
formants (*) 


T84.1 


pB112l-6ar 
/EHAI05 


40 


1326 


329 


22 


6.7 


78 


T84-2 


/EHA105 


40 


1263 


302 


16 


5.3 


ND*^ 


T84-3 


pBl\2\-bar 
/EHA105 


40 


1214 


173 


5 


2.9 


ND 


T87"l 


pGA482-^ar 
/EHA105 


40 


ND 


217 


10 


4.6 


86 


T87-2 


pGA482-/?ar 
/EHA105 


40 


ND 


502 


89 


17.7 


78 


T87-3 


pKYLX71Gus 
/EHA105 


40 


ND 


ND 




ND 


ND 


T87-4 


pBWmgfp-ER- 
har/EViAXQS 


40 


ND 


382 


13 


3.4 


8 


T87-7 


fWHmg^ER" 
frorand 
pKYLX71Gus 
/EHA105 


40 


ND 


210 


58 


27.6 


ND 


T88 


pSKIOlS/ 
Gv3101 


70 


ND 


565 


40 


7.1 


ND 
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^ The following treatment methods were used: T84'l, T87-1, T87-2, T87-3, 
T87-4, T87-7, and T88, infiltration for 1 min (2X); T84-2, infiltration fori .5 min (2X); 
T84-3, infiltration for 40 sec and hold 20 sec. 

^ The foWov/'ing Agrobacterium tumefaciens strains and binary vectors were 
5 used in these experiments: A. tumefaciens strain ASEl carrying the binary vectors 

pSLJ525 (Jones et al. 1992. "Effective vectors for transformation, expression of 
heterologous genes, and assaying transposon excision in transgenic plants," Trans, Res. 
1 : 285-297) or pSKI006 (http://www.salk.edu /LABS/pbio-w/). A. tumefaciens strain 
EHA105, carrying pBI121-6ar or PKYLX7-Gus (Franklin et al. 1993 "Genetic 

10 transformation of green bean callus via Agrobacterium mediated DNA transfer," Plant 

Cell Rep 12:74-79), or pBmmgfp-ER-bar, or pGA482-6ar. A, tumefaciens strain 
Gv3 101 carrying pSKIOlS (Kardailsky et al. 1999. "A pair of related genes with 
antagonistic roles in floral induction," 286, 1962-1965). The addition of the 

bar gene to a number of vectors was achieved as follows. A Hindlll/Hpal fragment 

15 containing the 35S-6ar-OCS 3 'sequences cassette was excised from pSLJ525 and 

inserted between the HinAlll and Hpal sites of pGA482 to create pGA482-6ar. The 
same Hindlll/Hpal fragment was used to produce pBI121-6ar and pBIMmg^-ER-bar. 
For each of these vectors, the Hpal site was converted to a Hindlll site by the addition 
of an Hpal'Hindlll linker and then the Hindlll fragment was then inserted into the 

20 Hindin site of pBI 121 or pBlHrngfip-ER (Haseloff et al. 1 997 "Removal of a cryptic 

intron and subcellular localization of green fluorescent protein are required to mark 
transgenic Arabidopsis plants brightly," Proc, Natl Acad. Set USA 94: 2122- 
21271997) to create pBI121-6ar and ^BHimgfp-ER-bar respectively, 
^ ND=not determined. 

25 Transformed plants fi*om Treatments T84-1 , T84-2, and T84-3 were also 

analyzed by Southern blot analysis to demonstrate the presence of the transgene v/ithin 
the plant. DNA was isolated from 22 transgenic plants (12 plants from Treatment T84- 
1, 6 plants from Treatment T84-2, and 4 plants from Treatment T84-3) and digested 
with restriction enzyme Hindlll, The digested DNA was separated by electrophoresis 

30 and blotted to nylon membranes. The membranes were probed with an internal DNA 

fragment (450bp) of the bar gene labeled with "^^P-dATP. All of the transformed plants 
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contained DNA fragments that hybridized to the bar probe indicating that this gene is 
integrated into the genome (Fig. 2 A and 2B). The plasmid pBI121-Z)ar DNA was 
included on the blot as a positive control, and a sample of DNA from non-transformed 
M truncatula plant was included as a negative control. As expected the bar probe 
5 hybridized to the plasmid DNA but not to the DNA from the non-transformed M 

truncatula plant (Fig. 2A and 2B). The expected size of the hybridizing fragment from 
the plasmid is L6kb; however, all of the fragments were larger, probably due to a 
rearrangement towards the left border. The blots were stripped and reprobed with an 
internal fragment of the nptll gene (766bp) labeled with "^"^P-dATP. The nptll gene is 

10 carried on the pBl\2\-bar plasmid, between the right border of the T-DNA and the bar 

gene (Fig. 1). All of the transformed plants contained DNA fragments that hybridized 
to the np/// probe indicating that this gene is also integrated into the genome. This 
combination of digest and probe provided a right border analysis and demonstrated the 
presence of independent transformants. For example, the unique fiiir-hybridizing 

1 5 fragments shown with Transformants 1 .6, 1 . 1 0, 1 . 1 1 , 1 , 1 4, 1 . 1 3, and 2.12 provided 

evidence that these are independent transformants. Again, the non-transformed control 
plant does not contain DNA capable of hybridizing to this probe (Fig. 3 A and 3B). The 
pBI121 -6ar T-DNA also contains a copy of the GUS gene between the bar gene and 
the left border (Fig. 1); however, this gene could not be detected in the transformed 

20 plants. Loss of genes located between the selectable marker and the left border have 
been previously reported; thus, the lack of the GUS gene in the transformed plants 
confirmed these findings. These results were consistent with the bar Southern analysis 
and offered an explanation of the larger than expected bar hybridizing fragment Thus, 
it was demonstrated that the GUS gene or any gene of interest must be inserted in the 

25 plasmid between the bar gene and the right border (at the location of the nptll gene) to 
ensure integration. 

Seed from the transgenic plants were collected and germinated, and the 
resulting seedlings were sprayed with PPT herbicide. The progeny of the transgenic 
plants were also highly resistant to PPT, indicating that the transgenes are stable and 
30 inherited by the following generation. As shown in Table III, data was obtained which 
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showed that the transgenes were inherited in a stable Mendelian fashion. The results 
show that the lines can be propagated past the Tl generation. 



Table III: Segregation Analysis (Phosphinothricin Resistance) of Progeny from a 
Selection of Transformanls Prepared by Infiltration of Seedlings 



Progeny from 
transformants 


Number of 

plants 
resistant to 
phosphinothricin 

(R) 


Number of plants 

sensitive to 
phosphinothricin 
(S) 


Chi-square test against • 
ratios (p)^ 


3R:1S 


15R:1S 


63R:1S 


T84-1.14 


83 


0 




* 


*♦ 


T84-1.19 


44 


20 


** 






T84-1.20 


38 


14 








T84-2.6 


44 


21 









* ** = p value of > 0.05; ♦ = p value of ^ 0.01; - = p value of < O.OL 



Example 2: Transformation of Soybean bv Vacuum-infiltration of Seedlings 
Soybean seedlings were transformed to incorporate the bar gene into the plant's 
genome using the transformation process of the present invention. 
Davl; 

The seeds were then surface-sterilized by soaking the seeds in 20% sodium 
hypochlorite for approximately 5 min with gentle agitation. The seeds were rinsed for 
eight times in sterile double distilled water. The seeds were then placed in a large 
volume of water and allowed to imbibe at room temperature for 3-12 hours. 

The seeds were then spread on a firm water-agar (for example, 0.8%) (Sigma 
Chemical Co., St. Louis, MO) in petri plates. The water-agar petri plates containing the 
seeds were wrapped with aluminum foil and kept at 1 8-20^C for 1 S days. 
About Day 12; 

Agrobacterium tumefaciens Gv3 101 which carries the SKIOl 5 vector with a 
copy of the bar gene was subcultured for isolation onto a fresh agar plate containing 
YEP medium [1 liter: lOg Bacto-peptone (Difco); 1 Og yeast extract; 5g NaCl; and 15g 
Bacto-agar (Difco) at pH=6.8 without adjusting] containing rifampicin (10 mg/1), 
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kanamycin (50 mg/l), carbenicillin (50 mg/1), and gentamicin (20 mg/1), and the 
subculture was incubated at approximately 28°C for about 2-3days. 
About Day 14: 

One loop, or approximately 3 large colonies of the Agrobacterium subculture 
was inoculated into about 15 ml TY liquid medium [1 liter: 5g tryptone, 3g yeast 
extract, 0.88g CaCl2-2H20 at pH=7] containing rifampicin (10 mg/1), kanamycin (50 
mg/1), carbenicillin (50 mg/1), and gentamicin (20 mg/1) and incubated on a 28**C 
shaker at 250 rpm overnight. 
About Day 15; 

The Agrobacterium liquid culture was grown until an exponential phase (OD600 
1.6) was reached. The Agrobacterium cells were pelleted by centrifugation and 
resuspended in 30 ml of vacuum-infiltration medium (VIM) [1 liter: 10ml PDM salt 
solution at lOX concentration; 10ml PDM iron and vitamins; 0.2g CaCl2-H20; 1.5ml of 
lOmM benzylaminopurine (BAP; 0.0565g in 0.15ml 2N NaOH and 24.85ml double 
distilled H2O stored at 4°C); 0.05ml of lOmM alpha-naphthaleneacetic acid (NAA; 
0.0465g in 3ml 95% ethanol and 22ml 70% ethanol stored at 4°C); lOg sucrose; and 
0.1ml acetosyringone (AS; IM in DMSO stored at -20°C ), wherein PDM salts, PDM 
iron and vitamins, CaCl2'H20 and sucrose are combined, the pH adjusted to 5.8 with 
KOH and autoclaved on liquid cycle for 20 min, and when the medium cools to 50°C, 
BAP, NAA, and AS are added]. 

The seedlings were removed from the water agar plates and placed in a clean 
standard petri dish at approximately at 10-20 soybean seedlings per petri plate. 
Approximately 20ml of the Agrobacterium suspension in the vacuum infiltration 
medium was added to the petri plate, a volume sufficient to wet and partially cover the 
seedlings. The petri plates containing the seedlings wetted with Agrobacterium 
suspension were placed in a vacuum chamber. A vacuum was drawn to 28mmHg for 
approximately 2 min, released rapidly, redmwn to 28mmHg for approximately 2 min, 
and finally released rapidly. The seedlings were then blotted on sterile filter paper or 
blotting paper and spread onto petri plates containing co-cultivation medium(CM) [1 
liter: 10ml PDM salt solution at lOX concentration; lOmI PDM iron and vitamins; 0.2g 
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CaCl2 H20; lOg sucrose; 7.5g agar-agar (Sigma Chemical Co., St. Louis, MO); and 
0.1ml AS, wherein PDM salts, PDM iron and vitamins, CaCl2-H20, agar-agar, and 
sucrose are combined, the pH adjusted to 5.8 with KOH and autoclaved on liquid cycle 
for 20 min, and when the medium cools to 50°C, AS is added]. The seedlings were 
incubated in a growth chamber under the conditions given in Table IV for 
approximately 6-7 days until the Agrobacterium could be seen growing around the 
seedlings on the media. 

Table IV: Growth Chamber Conditions 



Light 



SET 20 90 16hrs Top light only 

(Day& f8am-12midnieht) ^^^^ fluorescent, no 

Ni^t) incandescent) 

4 light bulbs 
Sylvania 115W,F48T1 



About Day 17; 

The seedlings were washed twice with H2O and then planted in pots in Metro- 
mix 200 soil mixture. To allow the plants to adjust slowly to ambient humidity the 
following procedure was followed: the pots containing the seedlings were initially 
covered with a plastic cover; after one week, the cover was propped open, and after a 
couple of days, the cover was removed completely. The plants were allowed to mature 
under conditions for optimal growth in a greenhouse. 
About Dav 40 

The plants began to flower, and the resulting seeds were collected and 
germinated by soaking in water for three hours followed by immediate planting in soil. 
When the seedlings had one leaf, they were sprayed with 100 ml/1 PPT ( --1/6000 
dilution of 600mg/ml solution in 0.1% Tween 20 stored at -20°C), and the results are 
presented below. 

In this study, 30 soybean seedlings were vacuum infiltrated with Agrobacterium 

tumefaciens strain Gv3101 carrying the SKIOlS-^arplasmid as described above. 

Fourteen of the thirty infiltrated soybean seedlings survived, were transplanted into 
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pots, and allowed to mature and set seed. Approximately 700 progeny seeds were 
collected, germinated and grown in vermiculite. After the seedlings developed at least 
one true leaf, they were sprayed with PPT herbicide. PGR analysis was performed to 
confirm that the plants which survived the PPT herbicide carried the bar gene in their 
genomes. DNA was extracted from each surviving plant and used as a template in a 
PGR reaction with bar specific primers. A fragment of the expected size was amplified 
from the DNA samples from at least eleven of the transformed plants, indicating that 
these plants had been transformed. The frequency of transformation was around 
1.57%. 

In summary, the seedling transformation process described herein is more 
efficient and less labor intensive than previously reported methods. In addition, 
somatic alterations are avoided, and direct introduction of genetic material into elite 
lines is made possible. Large numbers of transgenic plants representing diverse 
integration events can be generated very rapidly and efficiently, and the transgenes are 
stable and inherited by the subsequent generation. The major difficulty with 
regeneration of Agrobacterium transformed cells through tissue culture is avoided in 
the transformation procedures of the present invention, making it useful for legumes 
such as, soybean, bean and peas for which subsequent regeneration of Agrobacterium 
transformed cells is problematic. 



25 



wo 00/37663 PCT/US99/30972 
WE CLAIM: 

1 . A method for direct plant transformation using seedlings and Agrobacterium 
comprising: 

(a) contacting at least one seedling with Agrobacterium cells, said Agrobacterium 
cells harboring a vector, said vector enabling said Agrobacterium cells to transfer T-DNA 

5 containing at least one gene or gene fragment to said seedling; 

(b) applying a vacuum to said seedling in contact with said Agrobacterium cells at 
a first time, said vacuum of sufficient strength to force said Agrobacterium cells into 
intimate contact with said seedling such that said Agrobacterium cells transfer said 
T-DNA to cells of said seedling at a second time, wherein said first and second time are 

1 0 the same or different. 

2. The method of Claim 1, further comprising: 

(c) allowing said seedling to grow to maturity and set seed; 

(d) germinating said seed to form progeny; and 

(e) selecting for progeny expressing said transferred gene. 

3. The method of Claim 1, wherein said vector comprises a selectable marker 

gene. 

4. The method of Claim 2, wherein said vector comprises a selectable marker 

gene. 

5. The method of Claim 3, wherein said selectable marker gene comprises a 
herbicide resistance gene. 

6. The method of Claim 4, wherein said selectable marker gene comprises a 
herbicide resistance gene. 

7. The method of Claim S, wherein said herbicide resistance gene comprises a bar 

gene. 

8. The method of Claim 6, wherein said herbicide resistance gene comprises a bar 

gene. 
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9. A method for direct plant transformation using seedlings and Agrobacterium 
comprising: 

(a) contacting at least one seedling with a mixture of Agrobacterium cells, said 
mixture comprising cells from di Agrobacterium strain harboring a vector with a DNA 

5 fragment and cells from said Agrobacterium strain harboring said vector a second DNA 

fragment, said vector enabling smd Agrobacterium cells to transfer said T-DNA to said 
seedling; 

(b) applying a vacuum to said seedling in contact with said Agrobacterium cells at 
a first time, said vacuum of sufficient strength to force said Agrobacterium cells into 

10 intimate contact with said seedling such that said Agrobacterium cells transfer T-DNA to 

cells of said seedling at a second time, wherein said first and second time are the same or 
different. 

10. The method of Claim 9, further comprising: 

(c) allowing said seedling to grow to maturity and set seed; 

(d) germinating said seed to form progeny; and 

(e) selecting for progeny expressing said transferred gene. 

1 1 . The method of Claim 9, wherein said vector comprises a selectable marker 

gene. 

12. The method of Claim 1 0, wherein said vector comprises a selectable marker 

gene. 

13. The method of Claim 1 1 , wherein said selectable marker gene comprises a 
herbicide resistance gene. 

14. The method of Claim 12, wherein said selectable marker gene comprises a 
herbicide resistance gene. 

15. The method of Claim 13, wherein said herbicide resistance gene comprises a 
bar gene. 

1 6. The method of Claim 14, wherein said herbicide resistance gene comprises a 
bar gene. 
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18. A method for direct plant transformation using seedlings and Agrobacterium 
comprising: 

(a) contacting at least one seedling with Agrobacterium cells, said Agrobacterium 
cells harboring a vector, said vector enabling said Agrobacterium cells to transfer T-DNA 
containing at least one gene or gene fragment and a selectable marker gene to said 
seedling; 

(b) applying a vacuum to said seedling in contact with said Agrobacterium cells at 
a first time, said vacuum of sufficient strength to force said Agrobacterium cells into 
intimate contact with said seedling such that said Agrobacterium cells transfer said 
T-DNA to cells of said seedling at a second time, wherein said first and second time are 
the same or different; 

(c) allowing said transformed seedling to grow to maturity and set seed; 

(d) germinating said seed to form progeny; 

(e) exposing said progeny to an agent enabling detection of selectable marker gene 
exjnression; 

(f) selecting for progeny expressing said selectable marker gene and at least one 
gene, said expression of said selectable marker gene and at least one gene indicating gene 
transfer. 

19. The method of Claim 18, wherein said selectable marker gene comprises a 
herbicide resistance gene. 

20. The method of Claim 19» wherein said herbicide resistance gene comprises a 
bar gene. 

2 1 . A plant transformed according to the method of Claim 1 , 2, 3, 4, 5, 6, 7, 8, 9, 
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20. 

22. Seed from a plant transformed according to the method of Claim 1, 2, 3, 4, 5, 
6,7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20. 

23. A progeny plant from a seed obtained from a plant transformed according 
to the method of Claim 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, 12, 13, 14, 15, 16, 17, 18, 19, or 
20. 
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Plant transformation via Agrohacterium can be limited by both host specificity and the inabihty of Agrohacterium 
to reach the proper cells in the target tissue. Described here is a new and efficient Agrobacterium'bTxsQ^ 
transformation technology that overcomes these barriers and enliances DNA transfer in such diverse plant groups as 
dicots. monocots. and gymnosperms. This new technology, called sonication-assisted Agrohocteriuni-{\\c6\7i{Ci\ 
transformation (SAAT). involves subjecting the plant tissue to brief periods of ultrasound in the presence of 
Agrokacterium. Scanning electron and light microscopy reveal that SAAT treatment produces small and uniform 
fissures and channels throughout the tissue allowing the Agrohacterium easy access to internal plant tissues. Unlike 
other transformation metliods. this syster« has the potential to transform merisicmatic tissue buried under several 
cell layers. SAAT increases transient transformation efficiency in several different plant tissues including leaf 
tissue, immature cotyledons, somatic and zygotic embr>'os, roots, stems, shoot apices, embryogenic suspension cells 
and whole seedlings. A 100- to 1400-fold increase in transient P-glucuronidase expression has been demonstrated 
in various tissues of soybean. Ohio buckeye, ecu pea, white spruce, wheat and maize. Stable transformation of both 
soybean and Ohio buckeye has been obtained using SAAT of embr>'ogenic suspension culture tissues. For soybean, 
SAAT treatment was neces.sary to obtain stable transformation with this tissue. 

Keywords'. Agrohacterium: SAAT: sonication; transformation; wounding 



Introduction 

Over the past few years, (here has been a resurgence of 
interest in the use of Agrohacterium to produce transgenic 
plants. Although plant tissue can be transforined using a 
variety of different direct naked DNA uptake methods 
(Finer et al., 1996), the DNA integration patterns from 
direct DNA uptake methods arc often random and largely 
unpredictable (Hadi el a/., 1996). With Agrohacleriuni- 
mediated transformations, although DNA integration 
pattems can be strain dependent (Tinland and ! lohn, 
1995), they arc generally much simpler and gene expres- 
sion may therefore be more consistent. 

Monocots and certain dicot tissues arc not very 
recepti\'e to Agrobacieriuni-mcd'iziied irimsformMion. 
Botii the bacterium and the target tissue can be 
manipulated to obtain and enhance transformation with 

*To whom correspondence should be addressed. 



these plants. Acetosyringone, an inducer of T-DNA 
transfer (Stachel el al., 1985), enhances the transforma- 
tion process and is now routinely added in transformation 
experiments. In addition, modifications to the binary 
vector in Agrohaclerimii have enabled fairly efficient 
transformation of rice (lliei c( al., 1994) and maize 
(Ishida e( a!., 1996). 

The addition of anti-oxidants to the co-culture medium 
enhances transformation rates by reducing the hypersen- 
sitive response (Perl el aL, 1996), while different 
methods of wounding the target plant tissue have also 
been successfully employed to increase Agrohaclehum 
infection. Wounding is an integral step in Agrohacteriiau- 
mediated transformation as it allows the bacterium to 
infect the target tissue. In addition, the wounded tissue 
often produces inducers of the T-DNA transfer process 
(Stachel el al., 1985). The type or method of wounding 
ranges from simple wounds made during the normal 
course of cxplant preparation (llorsch et al., 1985) to 
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particle gun-mediated micro-j^cding (Bidney et a!.. 
1992). Tissues can also be v^^Hcd using Agrobacter- 
//////-fiiled syringes which anous some degree of 
'deli\ery* of the bacterium to the target tissue (Chec et 
al., 1989). 

One approacii. not sufTicicntly explored, is the use of 
sonication to wound and modify the target tissue to 
enhance Agrohacrcrium infection. Tliere are a few reports 
of transformation of plant tissue using sonication with 
naked DN.A (Joersbo and Brunstedt. 1990, 1992: Zhang 
ef al.. 1991), but sonication has never been used to 
effectively enhance .4g/'(?/x/c7c/7»/;/-medialed transforma- 
tion of plant tissue. 

For this work, the use of sonication with Agrobacter- 
iufjj was evaluated. The effects of sonication on the target 
tissue and the interaction of the introduced bacterium 
with the target tissue were examined using both light and 
scanning electron microscopy. 



Materials and methods 

Pianf tissue preparation 

Soybean {Glycine max Jack) and cowpea {l^igno ungui- 
citfafa) plants were grown in the greenhouse under 16:8 h 
pliotoperiod at 27 "C. Immature soybean pods and leaflets 
of cowpea were surface-sterilized in a 20% commercial 
bleach solution containing 0.02% Tween-20, with slight 
agitation for 20 minutes and then rinsed 3 times with 
sterile distilled water. Leaf tissue of cowpea was used 
directly while immature cotyledons from soybean em- 
bryos. 4-6 mm in length, were excised and collected for 
treatment. 

Maize {Zea mays A632) plants were grown cither 
under standard greenhouse conditions or in the field. The 
immature embryos from self-pollinated plants were 
collected 9 to 21 days after anthesis and surface sterilized 
as abo\c. 

Wheat {Tridcum aestivum Bobwhite) and white spruce 
{Picea glanca) seeds were surface-sterilized as above and 
plated on 0.5 X OMS medium containing half-strength 
Murashige and Skoog (MS) salts (Murashigc and Skoog, 
1962). half-strength B5 vitamins (Gamborg et al., 1968), 
1.5% sucrose and 0.2"o Gcirilc for germination. 

Embryogenic suspension culture tissue of soybean 
(Chapman) was initiated and maintained as described 
previously (Finer and Nagasawa, 1988). Bmbryogenic 
cultures of the Ohio buckeye {Aesciilirs glabra) were 
initiated from seedling stem tissue cultured on a medium 
containing MS salts. B5 vitamins, kinctin (2mgl~'), 2,4-^ 
dichlorophenoxyacetic acid (2,4-D) (2mgl''), 3% su- 
crose and solidified with 0.2% Gclritc (pi I 5.7). One to 
two months following induction, embryogenic buckeye 
tissue was transferred to liquid medium (Finer and 
Nagasawa. I9S8) for establishment of suspension cul- 



tures. Embryog uspcnsion cultures of Ohio buckeye 
w^ere maintaine g a biweekly to monthly subculture 

regime. 

Agrobacterium and plasmid DNA 

Agrobacterium tumefaciens EHAI05 (Hood et al., 1993) 
containing either p[GI21Hm (Hiei et aL, 1994) or Vec035 
was used. Vec035 was used with tissue of soybean, 
buckeye and cowpea while plG121Hm was used with 
tissues of maize, wheat and white spruce. The Agrobac- 
terium plasmid Vec035 (generously provided by Tim Hall 
and David Frisch, Texas A&M University) was made by 
replacing the GUS gene in the HPT version of pBIG 
(Becker, 1990) with the intron-containing GUS gene from 
p35SGUSlNT (Vancanncyt ct aL, 1990)rVcc035 contains 
the coding region for hygromycin resistance under 
regulatory control of the NOS promoter and an intron- 
containing GUS gene driven by the CaMV35S promoter. 
pIG121Hin contains both a hygromycin resistance gene 
and an intron-containing GUS gene, each under regulatory 
control of CaMV35S promoters. 

Log phase Agrolmcterium cells were grown overnight 
in modified LB medium containing NaCI (5gl"'), 
sucrose (5gl~') and kanamycin (50pgml~'), centrifuged 
at 1500 g for lOmin, resuspended in liquid plant culture 
medium, reccntrifugcd as above, and finally resuspended 
in liquid plant culture medium. Different liquid culture 
media, based on the medium used to culture the plant 
tissues, were used to resuspend bacterial cells. Bacteria 
were then diluted to an ODooonm between 0.0 1 and 0.5 
with liquid medium. 

Tissue sonication and co-culture 

Soybean cotyledons were transferred to 1.5 ml microcen- 
trifuge tubes, containing 0.5 ml Agrobacterium suspension 
in liquid D40 medium (Santarem et a!., 1997) which 
contains MS salts, B5 vitamins, 6% sucrose and 2,4-D 
(40 mgl~') (pH 7,0). Cotyledons were suspended by mild 
agitation and the microcentrifuge tubes were then placed 
in a Styrofoam float at the centre of a bath sonicator 
(Model PC5, L&R Manufacturing Co., Kearny, N.), USA) 
which was controlled with an electronic photographic 
timer. Cotyledons were treated for various timed intervals 
(from 0.2 s to 10 s) using both horizontal and vertical 
wave generator outputs. Soybean cotyledons were removed 
from the microcentrifuge tube, placed on a sterile filter 
paper to blot oft" excess bacteria, and then transferred flat 
side (adaxial side) up to semi-solid D40 medium contain- 
ing 0.2% Gclritc and 100 pM acelosyringone (AS). After 
two days of co-culture, cotyledons were washed in sterile 
distilled water, blot-dried on sterile filter paper, and 
placed (Hal side up) onto semi-solid D40 medium 
containing cefotaxime (350-500 mg 1 ). After an addi- 
tional two days on the medium containing antibiotics, the 
tissue was analysed for GUS activity. 



Sonicorion cissisred Agrob^cierium' media fed transformatiou 
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Cowpea leaf pieces were pl^ed in 50 ml conical 
polypropylene tubes containin^^^/oZ?ac/e/7»/", resus- 
pended in a medium containinUR salts, B5 vitamins, 
benzyl adenine (BA) (Imgl"') and naphthalene acetrc 
acid (NAA) (I mgl"'), ^ind sonicated similarly to the 
soybean cotyledons for 0 to 60 s. Leaf pieces were then 
blotted with filter paper and placed on a medium 
containing MS salts, 85 vitamins, 3% sucrose, BA 
(1 mgr'K NAA (1 mgr'). 100 |iM AS and 0.2% Gelrite 
(pH 5.7) (CM medium) for two days. Cowpea leaf tissues 
were transferred to CM medium containing cefotaxime 
(^OOmgl"') for two days, and then assayed for GUS 
expression. 

Immature zygotic embryos of maize were placed in a 
1.5 ml microcentrifuge tube containing 1ml of an 

Agrobacreriitni suspension diluted with 2T2S medium 
containing MS sahs, 85 vitamins, 2% sucrose, and 2,4-D 
(2 mar') (pH 5.7) to an OD^oonm O.l to 0.5. Embiyos 
were treated for 0 to 30 s. After a 5 min incubation, the 
embryos were blot-dried on filter paper and co-cultured 
scutellum side up on 2T2S medium containing IOOf.iM 
.AS and 0.2% Gelrite, pH 5.7 for three to five days. After 
co-culture, the embryos were placed on 2T2S medium 
containing Timentin'* (400 mgl~') and 0.2% Gelrite, pH 
5.7 for two to seven days before assaying for GUS 
expression. 

Five-day-old wheat seedlings were placed in 
150 X 23 mm borosih"ca(e tubes whh 10 ml of an 
Agrobacterium suspension diluted with liquid 0.5 X QMS 
medium and sonicated for 0 or 100 s. Seedlings were co- 
cultured for three days on 0.5 X QMS medium containing 
lOOjiM AS and then transferred to 0.5 X OMS medium 
containing Timentin'' (400mgl~'). Wheat seedlings were 
assayed for transient GUS expression five days after 
sonication. 

Fourteen-day-old white spruce seedlings were placed in 
13 X 100 mm borosilicate tubes with 2 ml of an Agro- 
hacteriuni suspension, diluted with 0.5 X OMS medium. 
Tissues were sonicated for 0 or 50 s, blotted on sterile 
filler paper and then co-cultured for three days in a 
medium containing B5 sahs and vitamins (Gamborg e/ al., 
1968), 2Vo sucrose, iOmgr' BA (0.1 mgr'), indole-3- 
butyric acid (IBA) (O.l mgl"'). and lOOpM AS (pH 5.7). 
Samples were transferred to the same medium devoid of 
AS but containing cefotaxime (500 mgl~") for four days 
and then analysed for transient GUS expression. 

Ten clumps of highly cmbryogenic soybean suspension 
culture tissue (2-4 mm in diameter), grown in FN 
medium, were transferred to sterile 13 X 100 mm boro- 
silicate glass tubes. Agrobacterium suspension (I ml) 
diluted to ODr.nonm 0.5 in FN medium, was added to the 
clumps and the tissue was SAAT-trcaled for 0 to 60 s. 
After S.-\AT treatment, the tissue was blotted on filter 
paper and transferred to 30 ml FN liquid medium in a 
baffled 125 ml DeLong flask containing lOOjiuM AS. 



After 2 days of^^^ulture, the medium was removed 
from the flasks ^^Breplaced with fresh FN medium 
containing Timen^^ (400 mg 1"^). Transient GUS ex- 
pression was assayed two to five days after SAAT 
treatment. Embryogenic buckeye tissue was SAAT-treated 
in the same way as soybean suspension culture tissue 
except that the embryogenic clumps were sonicated in 
1.5 ml microfuge tubes. 

Stable transformation 

For stable transformation of soybean and Ohio buckeye, 
embryogenic suspension culture tissues of soybean and 
Ohio buckeye were SAAT-treated for 30 and 60 s 
respectively. After a 2 day co-culture in FN medium 
containing 100|j.m AS, suspension culture tissue was 
subcultured to FN medium containing Timefititi" 
(400mgl~^) every week for two weeks. Hygromycin 
was then added to FN medium containing Timentin'* 
(400mgl~') at a concentration of 20mgl'"' for soybean 
and I0mgl~' for buckeye. The culture medium was 
replaced every week for four weeks to prevent extensive 
browning of the medium. Transgenic clones were observed 
and isolated six to eight weeks follovving Sa\AT treatment. 
Stably-transformed soybean plants were regenerated from 
suspension culture material according to Finer and 
McMullen (1991). 

P'glucuroiidase assays 

GUS expression was assayed by placing cotyledons in 
GUS assay mix (Jefferson, 1987) containing 10 mM 
NazEDTA HzO, 0.1% Triton X-lOO, O.l M NaH2P04, 
0.5 M K3Fe(CN)r,, 5,bromo-4,cliloro-3,indolyl P-D-glucuro- 
nic acid (X-glu) {250 pgm[~') and incubating overnight 
with gentle agitation at 37 *^C. The cells and tissues 
containing and expressing the introduced DNA (the GUS 
gene) were then scored by counting the number of blue 
spots or estimating the percentage of the surface area that 
was blue. 

Microscopy 

For microscopic analyses, samples of SAAT-treated 
soybean cotyledons were fixed in 3% glutaraldchydc, 
2% paraformaldehyde, l.5%i acrolein, 0.1 M phosphate 
buffer, pH 7.0 for a minimum of 2 h and dehydrated in an 
cthanol scries. For scanning electron microscopy, tissues 
were critical point dried, sputter coated and viewed by an 
ISI40 scanning electron microscope. For light microscopy, 
immature .soybean cotyledons were embedded in Spurrs 
resin, sectioned to 0.75 |J.m and stained with 0.1% 
toluidine blue (Finer and McMullen, 1991). 

" Molecular analyses 
DNA from transformed soybean and buckeye clones were 
isolated using the CTAB procedure (Saghai-Maroof c/ al., 
1984). DNAs were digested with /y///dlll and then 
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electrophoresed through a 0.8%^arose gel. The gel was 
treated and the DNA was trans^M to nylon membranes 
and hybridized as describeW^Pevi'oiisIy (Finer and 
McMuIIen, 1991). Membranes were placed on Kodak 
XAR-5 film with intensifying screens at -70 °C to 
visualize the hybridization pattern. 

Results and discussion 

In all tissues tested, the SAAT treatment greatly enhanced 
the levels of transient expression (Table 1, Fig. 1). In most 
tissues, transient expression without sonication was very 
low, with no GUS expression being obser\'ed in tissues of 
wheat and white spruce seedlings as well as soybean and 
buckeye suspension cultures. With SAAT transient ex- 
pression was so high in areas of some tissues that 
individual foci could not be distinguished (Fig. 1) and it 
was necessary to estimate the percent of tiie surface that 
was G US-positive. Although tissues responded to a wide 
range of SAAT durations (Table 2), the tissue was often 
damaged by the longer SAAT treatments and the tissue 
culture response was reduced (data not shown). The 
treatments that yielded high levels of GUS expression 
with a minimum SAAT duration were most desirable. As 
tissues differed in their response to SAAT (Table I), the 
best treatment for each tissue needs to be empirically 
determined. 

To detemiine the basis for the increase in transient 
GUS expression from SAAT, tissues were examined 
microscopically after SAAT treatment. Scanning electron 
microscopy revealed the fonnation of large numbers of 
micro-wounds on the surface of the SAAT-treated tissues, 
while the surface of the non-treated tissue was smooth 
and intact (Fig. 2). Micro- wounds were observed on all 
treated tissues and became larger with the longer duration 
treatments. These micro-wounds apparently resulted from 
cavitation, which is caused by sonication. 

Cavitation can be both transient and stable. During 



transient cavitatu^^ small bubbles are formed, which 
enlarge and osc^^^ in size until they reach a critical 
size and implOTli^These implosions generate shock 
waves, which are strong enough to cause mechanical 
damage to both cells and macromolecules (Suslick, 
1988). Stable cavitation results in the formation larger 
bubbles, which rapidly oscillate in size, causing a strong 
and rapid movement of the medium surrounding the 
bubbles (microstreaming). High velocities of micro- 
streaming result in mechanical damage to plant tissue 
and macromolecules (Frizzel, 1988). It is unclear whether 
implosions or microstreaming resulting from transient or 
stable cavitation respectively are responsible for micro- 
wounding. The micro- wounds created by sonication 
covered the surface of the treated tissue and ranged in 
size from less than 1 p.m up to I mm with longer 
duration treatments. The holes in the surface of the plant 
material are clearly large enough for Agrobacten'um to 
invade the wounded cells or tissues (Fig. 2D). Sonication 
of the plant tissue with Agrobacterium, as opposed to 
sonication of tissue before the application of Agrobacter- 
ium, did not alter transient expression levels (data not 
shown). Here, for ease of handling, sonication was always 
performed with Agrobacteriuni. 

Histological analysis of SAAT-treated tissues revealed a 
large degree of bacterial colonization of both epidermal 
and subepidermal cells (Fig. 3). Without SAAT, bacteria 
were observed only on the surface of the cotyledons 
(Fig: 3 A). In some SAAT-treated tissues, epidermal cells 
were heavily colonized, with large numbers of bacteria 
present in the majority of cells (Fig. 3B), Large numbers 
of bacteria were also observed in subepidermal cells 
(Fig. 3C), with bacteria penetrating up (o 7-8 cells layers 
in some cases (data not shown). Some of the colonized 
subepidermal cells were either surrounded by or adjacent 
to apparently intact cells, indicating that SAAT allows 
very localized, deep micro-wounding without damage to 
the neighbouring cells. These deeper wounds are 



Table 1. Transient expression of GUS with anci 


without SAAT in various 


plant tissues. 








GUS expression^ 




PlofU/ tissue type 


Duration (s)^ 


-SAAT 


^SAAT 


soybean /immature cotyledons (— AS)^ 


2 


0.05% ±QA6 


18.6% db 14.4 


soybean/imni^ture cotyledoti.s (4- AS)'' 


2 


0.44% ± 0.72 


44.0% ±21.3 - 


cowpea/leafleis 


60 


0.5% 


42% 


wheat/seedlings 


100 


0 foci 


28 foci 


maize/immature embryos 


30 


0.6% ± 0.06 


80.3% i 8.3 


white spruce/seedlings 


50 


0 foci 


26 foci 


soybean/embryogenic suspension 


60. 


0 foci 


1807 foci 


buckeye/embryogenic suspension 


20 . 


0 foci 


112 foci 



'co-culli\'aied wiihoui (-) and wiih ( + ) acclosyringonc (AS) 
^'conditions are representative and are not fully optimized 

•^Perceniage values represent the proportion of surface area expressing GUS; foci is a count of GUS-positivc foci; each value ± standard deviation represents 
the mean of 10-30 replications. 
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Fig. I, Transient GUS expression in inunatiirc soybean colyledons, .cowpca leaves and iniinalure maize embryos with and wiihout SAAT 
A. Stnbean «ith A^tmhacfcriunt alone (bar = I inrn). II. Sciybcaii -uiili SAAT (bar =r I mm). C. Onvpca w'lih A}*mhactcnum alone 
(bar = 500 ^im). D. Co^^pca uiih SAAT (bar = 500 pm). R. Maize wilh /iirrohac/criitm alone (bar = I mm), K Maize with SAAT 
(bar = I mm). 
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Table 2- Time course of 5AAT on tran^|nt expression in ininiatiirc 
coty ledons of soybean ^^^k 



/ LylifXIfiOit 

/ri 


oUf'Jocc Offset expressing GuS 


0 


0.6 i: 1.8 


0.2 


24.2 i 22.6 


1.0 


48i23 


2.0 


67 ± 35 


5.0 


62 ±23 


10.0 


79.9 db 9 



■•Each \'alue ± sJandard devjarion represents Ihe mean of J 0-30 replica- 
tions. 




Fig. 2. Scanning electron micrographs of non-sonicated immature 
soybean cotyledons (A and C) and 5 s SAAT-treated samples with 
thousands of micro-wounds caused by sonication (B and D). A and 
B. bar = 500 jiim: C and D, bar = 5 urn. 




C 



advantageous when subsurface targets such as cotyledon- 
ary nodes and shoot meristems are the targets for 
transformation. The \)xcscncQ of large numbers of 
colonized cells, adjacent to intact, apparently healthy 
cells, suggests that the surrounding intact cells arc 
transformed by Agyobactevium from the inside of the 
neighbouring colonized cells. The large degree of GUS 
coloration within SAAT-treated tissue also indicates that 
large numbers of cells (those cells adjacent to colonized 
cells) are transiently transfornied as a result of this 
process (Fig. 1). Because both large blue areas and small 
blue foci were observed together in most tissues (Fig. IB, 
ID), it is unh'kely that extensive difTusion of GUS is 
responsible for these large GUS-positive regions. Tlic 
large numbers of bacicria that were observed in many of 
the plant cells probably arose from introduction of one or^ 
a few bacteria into wounded cells which proliferated to 
give rise to the hundreds of bacteria present in these 
cells. 

The efficiency of SAAT may be even further increased 




Fij;. 3. Cross section of control (A) and SAAT-lrcaicd (B and C) 
immature .s<iybcaii cotyledons. Bacteria arc itulicalcd by the arrows. 
The epidermal cells of the non SAAf-trcated tis.sucs (.A) arc 
strucUually intact and bacteria can be .seen on the surface. In 
S A AT-t rented samples, bacteria were clearly evident in epidcrnial 
cells (B) and also deeper within the tissue (C) indicating wounding 
of holh surface and substii f;icc lis.suc. Bar = 50 ^.im. 
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by vacuum infiltration (Bechtoldj^^/.. 1993) or another 
method that enhances the infec^^B)rocess. The use of 

AS during co-cultivation of SAmflreated cotyledons did 
increase transient expression twofold (Table 1). In 
addition to the practical use of SAAT to enhance 
transformation rates in recalcitrant plants, the efficiency 
of Agrohac'tenum deliver>' may help to elucidate factors 
involved in the infection and transformation processes. 

Stable transfonnation of soybean and buckeye embryo- 
genic suspension cultures was obtained with SAAT 
Although 23 stably transformed buckeye clones were 
recovered without the use of SAAT, no transgenic 
soybean clones were recovered unless SAAT was utilized. 
.A total of 121 soybean and 348 buckeye clones that were 
both hygromycin-resistant and GUS-positive were recov- 
ered from our SAAT treatments. In addition, a few 
putative buckeye clones -were recovered which did not 
express GUS. It was unclear whether these G US-negative 
clones were escapes or simply 'did not express GUS. as 
molecular analysis of these tissues was not pursued. 
Houe\er. southern hybridization analysis of 5 soybean 
and 12 buckeye clones that were hygromycin-resistant 
and GUS-positive did confirm that these clones contained 
the hygromycin resistance gene (data not shown). 

Further analysis of a few representative soybean and 
buckeye clones indicated DNA integration into either one 
or two sites (Fig. 4). For this analysis, genomic DNA 
from tran.sgenic plant tissue was digested with ///V;dlII 
and then probed with the coding region for the 
hygromycin resistance gene. Hin6\\\ recognizes two sites 
within Vec035; one inside the left border and the other 
between the GUS gene and the hygromycin resistance 
gene. Therefore, digestion of DNA with HimWW releases 
the intact GUS gene and the hygromycin resistance gene 
along with the right border and some plant DNA 
(depending on the location of /////dlll-rccognilion sites 
in the plant DNA). Hybridization of /////dlH-digested 
plant DNA with the coding region for hygromycin 
resistance sliould yield various sized hybridization signals 
showing the difi'erent integration events. Analysis pf 
soybean and buckeye SAAT clones showed hybridization 
signals indicative of low copy independent transformation 
events (Fig. 4). This low copy number of introduced 
DNA in transgenic tissue is typical of Agrohacfcn'u/n- 
mediated transformation. Mybridization of undigested 
plant DNA with the coding region for hygromycin 
resistance shows a hybridization signal above 23 kb, 
indicating integration of the T-DNA into high molecular 
weight plant DNA. While transgenic O'^io buckeye 
plantlets remain /// vifm, transgenic soybean plants were 
successfully transplanted to soil and grown in the 
greenhouse. Unfortunately, both transformed and non- 
transformed plants (from the .same starting culture) were 
fully sterile and progeny were not recovered. Loss of 
fertility of plants regenerated from long-term cmbryo- 
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Fig. 4. Southern liyhritlization ;inijlysi.s of DNA from slably- 
tr.msformcd soyl^can and l>uckcyc clones. Genomic ONA was 
digested with //mdlll. which recognizes two sites within Vcc035; 
one inside the left border and the other between the GUS and 
liygroniycin resi.stance genes. The membrane was hybridized with 
the coding region for the hygromycin resi.stance gene. 



genie susj')cnsion cultures of soybean has been previously 
reported (Iladi cf of., 1996). SAAT is currently being 
further evaluated on soybean as well as other plants and 
plant material for production of stably-transformed fertile 
plants. 

SAAT permits the efficient delivery of Agrohaclcriuiit 
to large numbers of plant cells in a variety of different 
plant tissues. Using SAAT, Agmhacterium'\')\^\\{ inter- 
act ions can be studied in great detail as bacterial 
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inoculations are consistent a^^ontrolled. This new 
method holds much promise fl^Breasing transformation 
rates in all plants, especially those that are typically more 
recalcitrant to Agrobacterium-xnti^xd^Xtd transformation. 
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mB'?-<Dzi e-mt^'ptji[,\ t-dna t i^o<^^<omm^mi^it-^-^^ zttsiKm 

(C«i#LT^^<^Ja:^a)35^||JK-^fe'S (Potrykus et al. 1 998 (##XffiR (36) ) 

) o -ttst}-^. j^nnrnzm^Lxi^tai^mmmi^^^i^fiK :r<-spa>s,s<D 

15 ^Bnmmt^-s!mtd:mmm^§'i\ ^tz. mm-^mtmmm^-^nx^^j:Km. 

m^f^m^^tzit, ^m<omMmimmm^nmLtz±x. E^iit-r^mm^w^ 
fz^m^mm-t^^mii^^^o lanl^^jta^c,. zoEmzmL^^^ommm^w 
^mmizn^ztii<x^^i^mo>mmit. m^xlt-mzm^^J^xl^^o Lt= 

mizmi^^t^mommtaii^miz-t^i.crxD^mmttii^mmzT^'u/K^y'f) 
^jx(DmMj&^mmtsi±. ^^mm(DmzBm^mm^om^^m\ j^m^^ 
25 mm^i¥aiir:s,ti^^mYFxitmi^^m\^xi^^o ^nttn^mmmmzit^L 
xit. mms ^mizitcmmmm^ff'jib^'irtLiiLi^izmntiimm^m-tztfjiK 

T<fa/<^^*)^M.(Ommii^nt>H^ (Rogers et al. 1 988 (37) ) . Vi 
sser 1991(#^S:M(41)), McCormick 1991 (##:StiR(31)) , Lindsay et al. 19 
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tcmmm'(>mmi'm(ommmm^-simzt^mmti:i^W:tm^^Jti^o zti^x* 

<Om.mm.m^<On9mizm-t^W^mtLXlt. /i—^^'t;jl^iS>(B\dney et a 
10 I., 1992(##Xilt(6)))feJ;U:jS$3ftarlck H.N. etal.. 1997(##:S:i)c(40)) 

) mmii^±ifh>^^o t^-tb t) =bmm&^izmm^nm-t^ c t x/«7 =r u TCDmm 

t^<5o L7&^LW'E>. C:;f^(*^^*J:yJE<fTt);h-Tt^-5U— :7-r-f :^^2l(Horsc 
h et al., 1985(##^CSR(19)))^f|jg^F-t±f=*<DIZia^-r. ^WS-^TCnXz^ 

t Lxmi^hjJixxi^tdii^oii^m'^x&^o 

mA:^miztsi'^x. mB=f-mxtzmt-^mmmfii^xitmmm.m^mmmisc.umib 
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^ —<r>mx& -5 pT0K233(D#^:^^ ^^-tm -e ^ o 

BR T^P/^^ X U -t? AMJ8BM<D T - D N A(Da7t?— ^— iB5>J 

20 sp x^^5^y7-r*»*£iai4iie^ 

IG -f> hP>GU Sil^E^ 

HPT /W>fP^-ri^>»tn:ttiEe^F- 

NPT *:J-7-r-»tstfi:i±jt^^ 
K mmmmK p n i i^ti^ 

25 H flJIS^^H i n d III SP^a 

Ampr 2^ e u 

BAR barjl^? 

COS, cos ^A^^'T— i><C>COSfiPfe 
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OR I. ori co\E^(Dm.mmm^ 

P35S GaMV SSS^r^O^— ^ — 

vIrB Agrobacterium tumef ac i ens A281fC-^^;h.§Ti Z^^X 5 HpTjBo542(D'i7 

V i rC Agrobacter i urn turoef ac i ens A281 iZ'^^Jti^l i Zf^ X 5 KpT i Bo542(0 "tf 

virG Agrobacterium tumefaciens A281 JZ-^^;fl'STi I^-^X S KpT i Bo542(D 

10 Vir r^P/<^'T-U»!?ASai®a>Ti:^^X5 KO^virMJIg 

S Vir ^mm^7<fO/«7'rV'^AmmM<OTiZf3^^ KpTiBo542(Z>^vir^ 

s vir* Ti^=y7.Z KpTiBo542<Dvir^Jge(D— lai^^tJBfJT- 
3lS?$*t^*^ S^5#^~2 4^fa^JtT?fc^o 'Sfc. MtS^PaKi. Wk^m. 
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^:itii^x'^^o Ji^icsf ^ L immm^mt. 3 7 5 2 •tsr* 1 ^f^~ 2 4 b# 

06 — 25^6. if*L<(i500G~20^G. ^ t>ICSf * L < I* 1 O O O G 

15 ttm^LiK Jtcfc. iS/^>B#rB1(Z)±ls^*#^cJ^c^:L^7^)<. m-M. -i o-^mmm.xm^ 

20 5 O 0G~2 O^G; i^lZttl O O 0G~1 5 0 0 O 0G1?1 2 BtFiUgJg 



wo 02/12521 PCT/JPOO/05214 

6 

±M.iMMT<fn/K'^-T*)^M, (Agrobact rium tumefaciens) ii<^<<DM=¥-M 
*|i^f3*im3§M^ (crown gall disease) ^^l^^^l^t ^ tlf^ < te^^^Qi^HX 

5 5 K<D~ap-e&§ T-DNA iimm^y Jxizm^i^-mti^ z i76^sim**ifco ^«)^ 

^JlUl^Xmm (vIrfiJt) l=#«-r«iiG^P35^i0^MT!&y. ^fcT-DNA^tiaj 
>fP/<J<7-Ty •t?ixSiB@"T?&'5 Agrobacterium rhizogenes =fei Ri KiCj: 

T^^'p/^^ y •t7Aa>s^(=«fc oT T-DNA it^^^y Juizm^^'^H^civ, 
T-DNA _hi::mM<DiH5^^#A-r^ t z<r>mm=F%m<mfy Aizm^^-^M z 

15 .»:A<^^#$;txfeo L*^L^^:*^*t»s Ti ::^^X5 Kl*190kb j^±i:g:^T*&^fci6. 
^lifi^l'Eirme^X^^^-ettZ^^X 5 K±(0 T-DNA Jifziife^^jf ztlt 
Sil-e&ofco ^a)f=a6, t-dna jiizHsSite^^Jf A-r§t=«>a):&^*<BB^$ 

^■f. mm^<01\ :^^;?>5 K(D T-DNA 7bNt.7i^;U^>-&Jifeaife^*^l^^$ttf= 
20 •t-<XT--j!aM<DS5^ (disarmed strains) "Cfe^ LBA4404(Hoel<ema et al., 1 
983(##S:iR(14))). C58C1 (pGV3850) (Zambryski eta I.. 1 983 (##:S:iR (44) ) 
6V3Ti11SE(Fraley et a!.. i985(.mmS:m(^0)))td:iit><i^m^Htz (03) „ 
Z;h.t>^fflL^^C:<tlZJ:y. mM<Z>jH5^^7^'P/^^ ^ y -t^AcD Ti 3f^XS 
K(D T-DNA 4«fC. feSt^^*RlfM(D^ifi^^^^'r^ T-DNA ^r<fO/<^^iJ r^AlZ 

/^^^y '^ACOt^'TXT— ASTi :^^XS K(D T-DNA ^ig6c|3(C. =^3SM^ (t 
ripar ntal mating) (Dittaotal.. 1980(##:^iR(9))) ^^LTffi^J^ilx.(3 



wo 02/12521 PCT/JPOO/05214 

7 

J:y«A-r-55&^-efcy. tpm^C^^-^tmttl^(Fra\ey tal.. 1985(# 
#^#(10)); Fral y et al.. 1983(#%Xffl5(11)) ; Zambryskl et al.. 1983( 
##S:i^(44)). Jt#r?BaS 59-140885-^ (EP116718) )o ^O—Dlt. /U^-'J—^ 
0^— (binary vector) J;(^;h.<g>*ia>-^ (^3) , T-DNA (D*i!^^(Z>M^ 

M(*'5:C^<!:t^'5IS^(Hoekeina et al.. 1983(##ASR(14))) IC^-ifL^rt^'5o ^ 

©vir MJiclCfivirAs virB. virC. virD. vi rE vi rG 3!)^#^E 

Za>virA, virB, virC, vIrD, virE RtX virG (D±T^^t?*,<Z)^t>^o LfcA^ 
MRTtg^C/h^'SC^^XS KIw^m<5^aX^/£^,(7)T'fey, XT-AM Ti 

^<D:&^(Zj:y^azt3&^t?#'g>o /^'f:^';--^^^— ClI*. pBIN19(Bevan, 19 

15 84(##:Sti)^(5))). pB 1 121 (Jefferson. 1 987 (21 ) ) ) . pGA482 (An et a I . 

. 1 988 (2) ) . 60-70080 ^■ (EP1 2051 6) ) y . CI *L to ^ 

20 r^P/^^-T y •l7A A281 (Watson et al. , 1 975 (##3ti^ (42) ) ) I*. mmW^ 

(super-virulent) CD®5^-efcy. •ea)^i@fflJ*lS< . 
I^J;ySt^(Hood et al..1987(##S:!gt(15)); Komarl. 1989(##XaR(23)))o 
ZCOmmt. A281 t><m-r^Ti K(7) pTIBo542 (Zcfe^^<7)-efe^ (Hood e 

t al.. 1984(##S:S)J(18)); Jin et al.. 1987(##S:ilt(22)) ; Komari et al., 
25 1986(##S:ffiR(26)))„ 

pTiBo542 i^ffll^r. Z;h.*■efC2 0<J!)SfLt^e/X"T•AA^laSI**L■C^^^o — 
0/*pTiBo542<7)T^-f'::^T— AM<DTi K^^^-Ti)®^ EHA101 (Hood et 

al.. 1986(#%S:iR(17)))^<i;a:EHA105(Hood tal.. 1 993 (##XS)t (1 6) ) ) $ 
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l^^o Of*. ^—/i—/i^-jri)—K^^^ ('super-binary' vector) (Hi 

ei et a!.. 1994(##S:M(13)) ; Ishidaetal.. 1 996 (##S:Slc (20) ) ; Komari 
5 et al., 1999(##S:iR(28)). W094/00977 W095/06722 ^) i^XTA-efe^ 
(04) o C(Di/X"T-AI*. vir^iSg (virA. virBs virC. virD. virEXlXvir 
6 (OT. Z;Ke>^^*L^3h. rvir»fJ^«|J|8j <!:tNac:t=fe,fe^o ) ) ^l#07= 

i^:^T=-A<D-M"efe^o L75^L'5:;5^^. T-DNA 

0(D V i r gf JtfIJt^lim6<If::ISll^t^tc vi r mi^<r>mt^ do 5 L < \%*pti: 
< «!: t vi rB Xf* vi rG ^^t?©f>t. * t>ICjf ^ L < v i rB ^^t; v i rG ^#t?®f Jt 
) ^la^^aA/fc (Komari. 1990a(##S:Slt(24))) /I— /W:>-U — ^-^ 

15 ^Mz^ R^fM^D^ie^^M^^3^^f£T-D^lA^J^^#A•r^l^li> =^3c^.^^:a* 

Lfc*Bl^m^^35)^^^'£C^^^LrflJffl-e#-S) (Komari etal.. 1 996 (##:S:iK ( 

27)))o ca)x— /^— /<-r:^u-^^^-i^x-TAi*. ±ii(DiS>!?a)'<^^— i/ 

*^<!:^^oTl^'§)(Hiei etal., 1 994 (##^iJt (1 3) ) ; isFiida et al. , 1996(#^ 
20 Xm (20) ) ; Komar i . 1 990b (##S:®t (25) ) ; Li et a I . , 1 996 (#%:S:gK (29) ) : S 
aitoetal.. 1 992 (##S:iR (38) ) ) o 

lw|S^cFJK3&:t^;b^» Agrobacteriura tumefaciens (^5lJ^{^±3Z!i(7) Agrobacter ium 
tumefaciens LBA4404 (Hoel<ema et al., 1983(##::Stilt(14)))fe'J:t;EHA101 (Ho 

25 odetai., i986(#^:S:i^(i7))) L< fflL^-s::^:*^■e#-So 

^mmysmz^^it. 7<fo/«7'r')'^Ammmiz^if^mm'&. (vir) m 



wo 02/12521 PCT/JPOO/05214 

9 

10 *l4^f::#A Lcfe -5 -SSfMOiife^f*. ±15::^^^ 5 K(D T-DNA ^IgEiia©*!] 

g|lia^i#-:)^,(Df*. ®#<D-9-:^-5' P— — >^(D^^-^(*3fll(Z) DNA ^ T-DNA MJie 

<!:-eae<I(D DMA ^SiA-r'SC t A^IJ^-So 

^"^XS K$ Agrobacterium tumefac'iens ^(DT<fO/<^ ^ '^A^Wi 

20 $l^-\i>xu^ hPTKL/— i^3>^. inU-J? KP-<>i?x>7i/a>j£. PEG>5:i:(D 

*|iK3fz^A L J; 5 t-r Site^fi. «fe^<Dj$#i: l^il(c^:*:fi<i[zr* T-DNA <D3fiE 

25 ^fcl*. ^|^iB5IJ*<3®Jsl±&oTti«fcL\ T^^P/^^7 7=- y •;7AJg^»ct' 
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A^W^lRlJi-r'St=lt-eii>S:<. ^m<07<fn/^^7-'J^M.mizjFi'DXlt&m=F 

rnx-r ^zti^x^tjiit^-o tzmmizini l x=b:^mn^<oysmiz ^ y s^^^aa^^ 
t&mmmizmM-^^^'^(Dxittjii\ 

ilJEI*. la^E^1-'2di^^D*mS^^A^^,^flXL. Hiei. Y.. et ai. 

Lfe^. 70% y — ;brc 3 O K U Alc i o ^HJSM 

5feBE^4g/l Gelrlte$#fc2N6^ife (Hiei et al. 1994(##3lt 
®t(13)). (N6 <Z>llilimfcJ:t;if ^ 5>iS (Chu 0. C. 1978(##:S:i|R ( 
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8)). 1 g/l tl-*f^yms 2 mg/l 2, 4-D) ) ±X' 2 Mm^mir :h Z. t 

T<^n/<^-T-'J't?Aa)M^3tUJ::^^X5 K'^^^ — i:LT. LBA4404(plG121Hm 
)(Hlei et al., 1 994 (1 3) ) ) . LBA4404(pNB131) (S2#BS) . LBA4404 
5 (pT0K233) (Hieietal.. 1994(##S:Sli(13))) ^ffllNfco 

pNB131 (©«ilfi. JaiT<OJ:9f::fTofco pSBSKlshida Y. t996(##S:®5(20) 
)$^i^@LE392^(CliALf=^> Tri parental mat i ng ^ (D i tta G. 1980(## 
S:g^(9))fZ<fey, pNBKKomarl Tetal.. 1996(##:S:i)t (27)) ^:g-r-ST<7*P/sr 
-5? ^ ij 't?^ LBA4404 mzmALtzo T<fUJ^^^\) OM^mV pNBI i: pSB31 Om 

10 a)4ai^5iigix.(cj; y pnbisi ^m^o 

J: y fij^ ^ ^ * :^-=7 (npt 1 1 ) mB=F. * u 3^ ^ -7 — ^-tf ^ 't? ;u 

;^ (CaMV) fl> 3 5 S ^ — ^ — IC J; y $IJ^ ^;h.-S/ W -^-r (hpt) it 

15 *<^^-r^6USjtfe^(0hta, S. eta I.. 1990(##:StiR(33)) ^^^-^-So 

PNB131 (D T-DNAM1^(C(*. 3 5 S yo=E—^—{Z^ y fJ|SP$*l,-g> bar iti^^. 
3 5 s::^P^— $f— |::J;y$iW$H-r> hP>;b<^^-r-g>GUSiie?- c±m ^ 

PT0K233 <D T-DNA^HtfCtt. nos :^P^— 5^ — (Cj: y iiJIBl$;fX-S npti I itfe^. 

20 3 5 s:::''p^— ^— (cj:y$ij^$;K^ hptite^. 3 5 s::^p^— /Zcky$fJ 

^l^;K-r>hP>Jb^^S-rSGUSitfe^ (±i^) ^W-r-So PT0K233 (i}^M$E^ 

/^-r-^U— — (Komari. T. eta I., 1 999 (28 

)))-eS-5o 

(2) mmm 

(3) i^iO^iS 
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^um.U'^MmymA-otzmibm'j^o.—yizmmL. 25°c. 2o.ooo6-ei^^?5: 

(4) mm^^xs^w^m 

«fcy^#Lfco /^^•rUTM^jg<Z>iliS!/*Hiei. Y. et al. , (##S:SR(13)) 
cfcofco -ttSit^-^. ABJftife (Chilton. M-D. . et al.. 1 974 (7 
))) -t-es-l O Hr^J§SLf=T^P/^<7 7" U -^^ACDr] P— — ^S^i: 

x^t^^ty). miEAA^m iAA^mmm^ms AATs^ymikxSAA 

10 (Toriyama K. et al.. 1985 (#^5:8* (39) ) ) . MSHRgJ^ 

^ (Murashige. T. et al.. 1962 (##S:iR (32) ) ) . 1.0 g/l *if5y 
100 A* MT-b hi^ "J >=r>. 0.2 M 0.2 M ^^Uzi — X) (c: 

e^Ltco *fc. mM}&Om^mit. i^0.3'>'1 x 10* cfu/ml (^iS^Lfco 3^^ 

15 8g/l T*rP— X^Jgifea^biSlli!: Lf=2N6-AS (Hie! et al. 1994(#^Xg^(13)) 

) ^fflt^tco 25°c. mmTv Bm^wmmLfzm.. ^mmco-^t:. Hiei 
b (1994) i^mxm^3))<D:^mz^i) x-Giiicmmiz^:i>G\jsmB=¥-(ommm 

SfC^Lfco •r'a:t>*>. #t#Jg^«Bait^. ia^$0.1% Triton X-100 ^ 

^tro.i M :/^fg«*;g(pH6.8)fz^gl L. 3 v'^-^i ^feiilSLfc„ 

20 U>meffijST?T^*P/^^^';'t7A^i^*Lf=^. 1.0 mM 5-^n=E 

-4-<7Pp-3->r> K'j;u-;s -D-^f^u-i? p>iK(x-giuc)fc«fciiJ 
20% ^ ^ y — ;u$^t?u >^ii®?a^si*QLt=„ 3 7Xi-(Bz Ammmm 

(5) }^aiK^ffflfla(7>jiife (i?^7K-*-r^o 

St6^SI^^*^^:L^2N6l&lfe (±i£) "eifeBH SO'^W^^T'e^ilLfco 
50-100 mg/l /\-r ^P-7-r i^>#t? 2N6 ^ife±IZ^*lL. 30''CBJ^#T-e^ 2~ 

3 jIFbIJ^^ Lfco 'Stfc. lomg/ 1 :7;j-x:7'fyx'ji/> (PPT) ^m^MMi^^ti^ 
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m^lt. 2 mg/ 1 <D 2. 4-D ^-^^3 U-t^y *:/7K^^t^tc CO J$ife (Potrykus et a 
I. 1979(##XM(34))) ^ffll^t=o ^i&±lCfl^^**Lfc^^M14*;UX$, 
*l€*L|^;i]ta>Sfli^^J^^t? N6-7 J$i& (Hiei et al. 1994(#%iti5(13)) ) 
l^^^iL, 7 BrBl30°CB^^<it^T-e2?feiltfe^^Totco #mtfelC(*250 mg/l -tzZ? 
5 rd-^^i/Ai 250 mg/l *;U^-i/U h U 't'A^Si^-&t5l±. L < 25 

0 ing/Hr:7:j-^^exA$m3te-e3S*DLf=o ^f=igife@<b^l3(*s 4g/l Gelrit 

iz^ I) Gus Lfco 

(6) 

10 l^*5J:t;3iiO^J!ia^1±*5J:i;mife'e5|5^EI=«lSL. LBA4404(plG121Hin)fc«i: 

LBA4404(pNB131) t CD^^JSH Lfz^O GUS jt€^CD-5@tt^^<Z)jgm^^ 1 

EMl::fclt^ GUS ^^^JUtttl^ t> A>l^j£ < . J: y IfMJf^iifeT^A^b^^ 1:t t^ 

15 ofco 

S« Lr#fc>:ixf=}^g|R^*;u;^a)3ltS^S^^-3. a-4 iz^ l/c„ 

l::^^SIte^^«^I^O±L/S: (^3. ^4. ^5) » J*L±a>cfe5l=. -T^-^liK^ 

iftfc«fct;iiio«is^ifi^-H:TfT5 c t (= J: y . ^*L^*tm3fe<D«iaffi<fc y t * & ic 

^tz. s^mcDmi^tdi if iz^':> xmibmmm-mx'mi^=f'mx<Dt^m*^^i^m'^iz 
25 mmm^mm-t^:itiz^^xm&^m7<^^wmmizf^±u ^(z>^mtt 
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Hiei t al. (1994) (##S:iR(13)) ) 14. -f ^-a>*;i/X^3N-^i: LTJt^M 
l^l^t^m^f^M^^tl^n^:itti^Vt^Zt^m^LXl^^o ^tz. Aldemlta R 
R et al., (##S:M(1))tt. -f^-a)*iiE^fflL^fc^|^SlKil15"j^^^L■Cl^^o 

i-:itiz^i)^^Ltzmimm^mnm^m^t-^ztt<-5im-c&^o Hiei et 
al. (i994(##s:M(i3))tt. rmnmm:^<omi^^<^ ^-'^&^:^—/^-/u 

10 ta RR. eta I.. 1 996 (#%^iR(1)) 7.— /i— ^)—^<7 jf—<OL 

BA4404(pT0K233)^fflL^tci^®^(CfcL^r(D.?^•. ff^MlK^<*^#r t^^o :$:i3f^lC 
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20 ^iStffi^ : LBA4404(plG121Hni). ^#^S^Pb1 : 5 Q 
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mUm^ : LBA4404(pNB131). ^WmmM^ : 6 B 
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: LBA4404(plG121Hiii). ^#Jg^^K : 5 B. Hm : 100mg/l /\-f ^P-^-f 
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#li4@^ : LBA4404(pl6121Hm). #fe#J^f||SBI1S : 6 B, Hm : 100mg/l /N-T "7 
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5 mUMWt : LBA4404(pNB131), *#J$^a8FHl : 6 B. PPT : lOmg/l 37 ;f X :7 y X 

m*yA¥) ^mmmizm^)tiiL. LS-inf jgi*:Jgife^-^t;2 mi (D^^^l-^IcA 
10 *lfco l§l}6<*:iSifeT— la^^Lfc^. iffe(w^j^i*Jgife 2. 0 mi ^ilD^fco iim 
mit 46°C<D':7:j— ^ 3 ^M^^^-T^ C 1 1= <fc U frofco ^ 

/o^aMttJ^soji'O^m^i^ J: y 20 kg. 4*10^? 30 i^riim't>^^ ^itiz^f-) ^rofco 

■ei^^F^^SLfco #«iS^Lfc^. 100iuMa>T-fe h'>u>=r> 

15 *"^tJ LS-inf ^<*l$i&lw5^1 x 10' cfu/ml (DJiJgT?. Agrobacter i urn tumefaci 
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ens LBA4404 (pSBI 31 ) ( I sh i da et a 1 . 1 996 (20) ) ) ^ L fc^ 1 . 0 

ml $ip^. 3oi3>r^7t?;u7^»:/^x5:^F-y— izj:yiii$Lfeo 5^mm.u-vmmL 

fc^> Klft®7b<t$*fel^l^-r'§>J=-5f::io a^m AgNOg ^-^t; ls-as tgifelcg^ L 
#^#i§S^a)7l5mE^:7:i-x37 y X u ixxppi) :Rt;: 10 m MAgNOj ^^t?t& 

10 ii<D-«iJ^«iyixy. njfeiwi ii^*ii(cx-giuc(cj:y Gusjta^a>^^*ia^ 

Lfco ^Cfc. ±f3<^t$^fc<J:U^^S^tt. Ishida. Y. etal.. 1 996 (2 
#^!D:S^^Tofc5|c^Erc LBA4404(pSB131) ^mULfc t #<D GUS itfe^iD h ^ 

LBA4404 (pSB131) ^J^W Lfc5femHT:-(Dff^MlKJ^^m^a 7 ICi^-To MS L 

n^tzm-^. mnm^mitmrnmom 3 29. 6%Tjfeofco 
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•^^PaexSa (Ishida et al. 1 996 (20) ) ) ^ZOL^r^,|&, iS'O^lfi 
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^^^m^O^mmvcD GUSiie^© h^>i^x> h3S:f|=S(D^m 

5 a 7 ^mmcDmmnmbmizRi^irm^ i\jBM404(ps8^3i)^mx) 
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^ 'j — K-S^^X iAgrostis pa/ustris cy. Pencross^ ^^SUf ( 
m ) 0^mm=¥-^W,m^s \lsmW^. MS 4 mg/l dicamba. 0.5 rag/ 

10 I 6BA, 0.7 g/l :^ny>. 0.5 g/l MES, 20 g/l i>3l|, 3 g/l gel rite (pH 
5.8)$#trSife (TG2^ife) JcM^L. 25°C. BtllTl?^#Lfco 

# & *Lfc X > y X ^ 3&:* ;UX ^ TG2 )&v P, ge I r i te L^f=J!^aJ^g<D jfti*: 
^ife (TG2L) (ZJ^L. 25°C. BfHT-eSMi^S-r-S C <!: J: U . M^tSSW^ 
15 #fco l^ftm 3-4 B^COmm^mWi^^ TG2L t§t&$-^tj 2 ml (D^^zl— :?|ZAtL 
fco l^5g{*JSife-e-|HlJfe^Ut=m. Sft=(::?S<*lSJfe2 mi ^taXtzo 46°C(D't7:i- 

fc^s 5,000 rpm. 4°c. 10 ^j-reiji'i^^sL/co i^mit. mi^-^mmmBmLtco 

l^i&^B^. 100 A<M(OT-b hi/U>=f>^^t?TG2-inf J^ife (TG2 t» 3^ 

20 MES, gelrite^|^#, 48.46 g/l i/aH. 36.04 g/I ^;U=I— X^SIlO 
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(pH 5.2)) (^3^1 X 10* cfu/ml (OM^V^ Agrobacter i im tumefaciens LBA4404 
(pT0K233) (-bit) ^Sl^Lf=;lSl.O ml ^jlin^s 30S>FBl7f?;UT-»y>7X5^-b— 
(Zj:yit#Lfco S^FBl^^-^MLfc^. T62LJ§4felClO g/l >f;H3— X. 100 
MMT-\zhiy*J>^>. 4 g/l ^-r::^ I T*rP— X (pH5. 8) ^^JPLfct^ife (T 
5 G2-AS±§ife) Izm^Utio 25°C. BfHT-e 3 HlfelJtS Lfc^. 250 mg/l (O-byzt 

^ +i/A3tt;J*;u^--> u >^^tr T62L ^ife-eSBfla^ 3 inufe^ l t=o mi^i&iz 

SI^L. 25tJ. B&mT. 70 rprnV^mmmmmLfzo I^FbI^. P%i&fZ50 mg 

mm^miBisL l x-giuc iz<k y gus it^^oisi-s^is^ ufco 

10 LBA4404(pT0K233) ^jgS Lfci//<^^J$#jaBfl&t?<D GUS mB^f-Omm^^ 8 fZ 

Hizsii L. ift ■ ia'Ms Ltzm-^. ^ 3 m(ommmii< gus it^^o^-s^^^ Lfc„ 
*f=, GmmBi^<D^mu&.'bMm<ommmzit'<^ m ■ m>bmmLtzmfti$ii^ 

15 ^*-e^^fS'&$;t^■cL^-Si//<<D^^MlE^^i-'^— (zhong et ai. i 

993(##S:SR(45)). Hartman et al. 1 994 (1 2) ) , Xiao.L eta I.. 19 

97(##S:iR(43))) -^XU^ hP;H— U-i/a> (AsanoY., 1994(##S:iltC3) 
). Asano Y. et al. 1 998 (4) ) ) (3 J:^lH^SASfe(=«fe§*,a)-e. T<f 

o/K^T-v '^M.iz^^mm^mo^^mit^i^tjii^ ^^nsg^j-e^i^tJ^Ktcj: 
20 ^tz^ vt^miz^:§,mm=Fm7^<Dt^^<Di&^fiK T<fo/<i;^f)'^Amzj:^iy 

fZo 

m. 8 i^/mm^mim^(n'Mm=f-m?<^m\ziSL\^-rm ■ ii'j>«a3ia)^m 
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